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ABSTRACT 

The theoretical bases of a land-surface-burst nuclear-cloud-rise 

model and details of development from the theoretical model of the 

DELFIC Cloud Rise Module computer program are presented.     By use 

of this dynamic cloud rise model,   histories of the rise,   growth,   tem- 

perature,   and composition of the cloud are computed throughout 

virtually the entire period of its  rise.     Effects on the cloud development 

of atmospheric structure can be accounted for,   and the development of 

a time-temperature history for the cloud allows fractionation of the 

radioactive weapon debris to be approximately accounted for in the 

Particle Activity Module (DASA-1800-V) calculations. 

Also described is the DELFIC Cloud Rise-Transport Interface 

Module (CRTIM).     The CRTIM corrects particle positions for wind-drift 

during the cloud rise time period and prepares the particles aloft inputs 

for the DELFIC Transport Module (DASA-I 800-IV). 
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LAND SURFACE BURST 
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INTRODUCTION 

The cloud rise model described here is a modified version of the 
1112   13 water surface burst cloud rise model devised by Huebsch. 

Modifications to the Huebsch model have been made to bring the simu- 

lations more  in line with observed cloud rise behavior,   particularly at 

times  relatively early after the detonation.     The studies that have led 
14  15 

to these changes have been published by Norment and Woolf. 

Since much of the model remains unrevised,  we have taken many ver- 
12  13 batum excerpts from Huebsch's work.  '   ' 

Major changes in the model are as follows: 

1. A completely rew set of initial conditions is used. 

2. The cloud momentum equation 's  revised. 

3. The entrainment equation is  revised. 

4. There are no longer any discontinuities in the 
cloud behavior at the tropopause. 

5. The cloud no longer is given a spherical shape. 
Initially the cloud is given an oblate spheroidal 
shape with eccentricity of 0. 75.     At all other 
times,   the shape of the cloud is determined by 
the cloud volume and the vertical cloud  radius 
which is taken to be a function of height of 
burst,   explosion energy yield,   and cloud center 
altitude. 

6. The particle growth option has been deleted from 
the model. 

7. Effects of wind shear on the cloud rise have been 
included. 

8. The fraction of explosion energy in the cloud and 
eddy viscosity coefficient, kg,    both are taken to 
be yield dependent.     Formerly they were constant. 

The  reader is referred to  references  1.1   —   1.5 for details of deriva- 

tions that are not covered here.     Appendices B. 1 and C. 1   contain dis- 

cussions of our modifications to the momentum and entrainment equations. 

-2 
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CLOUD RISE EQUATIONS 

Cloud rise and expansion are described by a set of differential equa- 

tions together with certain defining equations and initial and boundary con- 

ditions.    For certain cases,   the equations are given in pairs,   that is,   for 

| "dry" and "wet" conditions.     For the dry equations the cloud is unsaturated 

with respect to water; the "wet" equations are for the  saturated cloud and 

include effects of water condensatio . 

MOMENTUM 

The momentum equation isobtainec' by equating the rate, of change of 

momentum to the sunn of buoyancy and rddy-viscouf (drag) forces. After 

correcting  for asymmetric   entrainme it (see Appendix B. 1),   we obtain 

3F=   {[^-l.g/d-.)- 

- ..   ■-    ;—  P' (1   - >*) +       j. u \   —■  (1.1) 
L  H _* m     dt   J     J   m + m! 

c T i 
e 

where       u is  rate of cloud rise, 

t is time 

m is cloud mass 

g is acceleration due to gravity 

k-. is a dimensionless power function of yield 

T;:   -  Tq(x) 

r"  = T   q(xJ 
e e       e 

1 + x 
P'   = -T—   ,   the ratio of cloud ^as density to total cloud 

l+x+s+w, 0 ' 
density. 

T and T    are  respectively cloud and ambient temperature 

X 
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q(x) the   ratio of virtual to actual temperature,   may be  shown to equal 

1 ix/e 

1 +x 

x and x    are  respectively cloud and ambient mixing  ratios (ratios of 

water-vapor mass to dry air mass in a volume element) 

e    =    18/29,   tne  ratio of the molecular weight of water vapor to that 
of i ry air 

w is the ratio of condensed water mass to dry air mass in the cloud 

s is the ratio of condensed dry mass to dry air mass in the cloud 

T    and T    are thus the virtual temperatures,   and T   ß1 is the (cloud) 

virtual temperature allowing fo    the contribution of condensed mass 
to the total cloud density. 

v is a characu rijtic velocity given by v = max (|u{, s/ZK) where E is 
turbulent energy density   (see reference  1. 1) 

H     is the vertical  radius of the cloud c 

ml is an initial virtual cloud mass equal to one half the initial displaced 
1     mass: m! = m.P'T^/ZT*., where the subscript i indicates the 

i ii ei r 

initial value of each quantity. 

p, is a dimensionless yield dependent quantity that is used to define 
the vertical cloud  radius (equation (1. 13)). 

HEIGHT 

The height,   /.,   of the center of the cloud is given by 

dz 
dt u (1.2) 

WATER VAPOR 

The mixing ratio,x,  does not change by fallout of condensed matter 

but only by entrainment. 

Dry 

During the "dry" (unsaturated) period,   no water is lost by condensation. 

-4 
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Let 
dm 
dt 

be the mass-entrainnienl   rate and tlml tli«' mass < i- 
ent Irnl 

trained in time  dt.      Hu-n,   al  tiMi«   i  i fit,   the new mixing   ratio is 

m T~ i 'ini 

x(t ^ dt) 
I«    I    i   x 

Imi 
I.   iij 

I   ( x 

from which,   by the , 11 n   ul  tin-  'li  t i    11)'. i , 

dx 
dt 

1 I  - 
1 -   "     (x-:;)- 

'Im 
dl 

t-nt 
(i. 3n) 

Wet 

For the  saturated cloud,   x  is tin    saturation mixing  ratio.     Then, 

neglecting possible  hiwering of vapor pressure hy particulate  matter, 

1 £*£ 
x   dt (1  t x/e) 

Le 

R   T 
a 

dT 
dt (1 N / -   ) 

I"    T 
(I. JW) 

I 
1 

where R     is the gas constant  for dry air and   i    is the latt-nt heat ofevapo- 
tt 

ration of water or it »■ as appropriate. 

TEMPERATURE 

A temperatur»' equation ran he obtained from either (a) heat balance, 

as in Reference 1.1, or (I)) < nthalpy balance, since entrainnienl is a (.m- 

stant-pressure process.     The  sec ond inelhod   is  useil here. 

As before,   dry an<l wet  stages  are  considered separately.     Althouuh 

condensed matter is  present during  the  dry   sta'     ,   only the yas   inass 

f raction,( 1 -I x)/( 1   I x 4 s), expands adiabatically   as the cloud   ri:;es.       I he 

specific heat of entrained air is taken as  that     i  dry air,   c      (I). r pa 

.=,_ 
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The particulate (condensed) matter i: assumed to be initially at some 

average temperature,   T       ^ T.,   and to remain at this temperature until 
T =  T Thereafter,   thermal equilibrium with the cloud gas is assumed. 

Dry 

Let H be the total enthalpy of the cloud.     We write enthalpy as the sum 

of gas and condensed-matter contributions: 

rT min(T, T     ) r /      rq 
H = mß'       c   (T)dT + in(l -ß')   / c   (T)dl 

where c   (T) is the weighted mean of the specific heats at constant pressure 

of dry air and water vapor: 

c     (T) + xc      (T) 
c T) =      Pa     ,  . E w 

p 1 + X 

and c   (x) is the specific heat of the condensed matter      The absolute-zero 
s 

reference level is artificial and drops out in the derivation.    Enthalpy is 

altered by entrainment,   by fallout,   by expansion,   and by dissipation of 

turbulent energy at rate <S per unit gas mass: 

dH --   dH +  Vdp + mB'^dt 
ext 

The enthalpy change due to mass change,   dH      .,   consists of: (a) gain ext' 
due to entrainment of gas at temperature T   : 

T e 

c     (T)dT •   din pa i 
ent 

-6. 
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and (b) loss due to fallout at temperature rmn(T, T     ): r rq 

/ 

min(T, T     ) rq 
c   (T)dTp(t)dt s ' 

where p(t)  i3 the  total mass  fallcmi   rate.     This   iate,   during the  Dry stage, 

is negligibly small for water-surface  bursts,   but  is  significant for land- 

surface bursts.     Using the g,>     law,   we have 

V = mt)' 
B   T* a 

where V is cloud volume.   Taking the clifferenti il of H,   and equating it to 

the sum of the enthalpy changes,   gives: 

T 

mfe'c   (T) + (l-e,)f   (T)k(T,T     )"1; dT + dfmß')  I   c     (T)dT L       P '   s'        y rq J pa 

min(T, T      ) rq 

+ d(m(l -0')) c   (T) (IT s 

min(T, T     ) 
n rq 

c     (T)dTdm 
Pa 4. r lent 

c   (T)dTp(t)dt 

mß'R   T* 
dP-f mß'^dt 

7- 
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where k(T, T      )  =  0;   T > T 
rq rq 

=  1;  T s T rq 

On the left side of this equation,   c     is  replaced by c       in the entrainment H P ^ y    pa 
term,   since the specific heat of entrained air is taken as that of dry air. 

In the absence of condensation,   the change in gas mass is entirely due 

to entrainment: 

d(mf)1) = dm 
ipnt. 

and that in condensed mass is ei^tirely due to fallout: 

d{m(l -p')) -   - p(t)dt . 

Using also the hydrostatic and gas laws,   dividing by dt and rearranging 

terms,  we find for the enthalpy balance 

dT 
dt 

ß' 
£p(T) 

(1.4D) 

where c    (T) is the weighted mean specific heat of the cloud: 

c   (T) =  ß'c   (T) + (1 - ß'k   (T)k(T, T     ) 
p P ^ '   sy    '   y    '     rq 

The three terms in brackets on the right side of equation (1.4D) give the 

effects on temperature due to adiabatic expansion,   entrainment,   and dis- 

sipation of turbulent energy,   respectively. 

Wet 

Since the temperature of the saturated cloud is at most 373    K,   specific 

heats are taken as independent of temperature.     When the cloud is  saturated. 



M 

two additional enthalpy changes contribute to dH,   namely latent heat 

absort zd by water evaporating to saturate entrained air,   -IJ(x-x  )dm 

and latent heat released bv ^ onri^r ration of water. 
ent 

- mLflx 1 +   s -f w 

( 1 + X+ 8 + W) 

Infinitesimal changes in m,   s and w do not contribute to latent heat release. 

It is no longer true that changes in gas mass and condensed mass are 

entirely due to entrainment and fallout respectively,   as in the Dry stage, 

(unsaturated cloud).     But water vapor lost from the gas mass through con- 

densation appears as gained condensed mass.     Therefore,   the effect on 

enthalpy of water-vapor condensation is exactly compensated by latent-heat 

release,   so that the derivation  ror the dry case may be modified to the wet 

case simply by the addition of the two latent heat terms to the enthalpy 

change dH. 

Adding the two latent heat terms to dH , i. e.   to the  right side of the 

dt.riving equation as for the  Dry stage,   substituting equation (1. 3W) for 
dx * —rr-,   and using the definition of T   , we find 

dT 
dt 

ß! 
1 + L  xc   (1 + s + w)(l +x/e) 

— 2" 2 
c   R   T (1 + x+ s + w)' 

P   a 

_J    dm 
mP1   ' dt lent 

T*   - I RaT   (Hx+s + w) - 
e       p        \ P 

I 
■9- 
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where c     is the weighted average of specific heats allowing for condensed 

water (specific h»,at,   c    J) and dry mass, 

c   = e'c   f 
p        P 

sc   k(T, T      ) + wc     J 
s   ' rq7 wX 

1  f X + s + w 

By the time the cloud has cooled to the saturation point,   the water- 

vapor and condensed-mass fractions of the cloud are so small that the 

weighted average specific heat,   c   ,   and the specific heat of entrained air, 

c      ,   may both be   replaced by the mean specific heat of the gas,   c   . pa' 
dT Dropping the factors involving s and w in the equation for -JT->   since these 

factors are approximately unity, we find 

dT 
dt 

B' 

c   R   T' 
P   a 

1 f 

(T T   ) + e 

M* -x   )\ e ' 
mß' 

dm 
dt 

ent 

u 1   f {1.4W)      j 

CONDENSED WATER 

Dry.     Let w be the ratio of liquid and solid water mass to dry air 

mass,   w = m    Wm   .     Then, w/        a 

w =  0 (1.5D) 

Wet.     Thf liquid and solid water mass can change by: 

-10 
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i     I 

1. Difference of the mixing ratio of entrained air 
and that of the saturated cloud,   and 

2. Condensation of vapor already in the cloud,   and 
also by 

3. Fallout of condensed water,   so that 

dm    J        x   - x      j w* e dm 
dt 

m 
dx w 

1 + x dt a   dt        s 
e 'ent 

+ w    r 

where p(t) is the total rate of condensed mass fallout.     By definition of w, 

since 

dm     = -r—;  dm ?i       1 + x 
e lent 

it follows that: 

m 
dm 

a    dt 
w 

dm            dm 
a   

dt dt 

dm    / 
+ V 

W + X - x 

1 + x 
dm 
dt 

m 
ent 

dx 
a  dt ■^— P(t) + w    ^^ 

and since m 
m 

1 + x + s + w 
,   then 

dw 
dt 

1    / 1 +x 
0'       1 +x 

w + x - x 
1     dm 

m     dt ent 

dx 
dt 

1  f X + 8 -K W 
m 

w 
s + w IP(t) . 

(1. 5W) 

i 
-11 
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By the time the cloud is saturated,   s is certainly small,   so that practically 

dm 
dt lent 

dm 
dt 

If s = 0,   p - 0,   then equation (1, 5W) reduces to equation (3. 6W) of Reference 

1. 1. 

TURBULENT KINETIC ENERGY DENSITY 

Turbulent kinetic energy p« r unit mass,  E,   is 

1.    generated from the mean flow (i.e. ,  from kinetic 
2 

energy of rise u   fZ) by 

a) eddy-viscous drag 

b) monenium-conservirig inelastic-collision 
cntr. inment 

2. diluted by entrainmtnt 

3. dissipated to heat,   so that 

dE 
■dT 

*          2 2                   I 
? u     J      a > u   v u       '     dm I 

T                c ' ent 
e 

-  E _1_    dm 
m       dt - k. 

(2E) 3/2 

ent H (1.6) 

where the dissipation rate is 

C       K3       H 

3/2 

and k     is a dimensiunless constant.     Here,   it is assumed that particles 

falling out of the cloud do not take any turbulent energy with them. 

-12- 



MASS 

By differentiating the ideal gas law,   we can express the rate of change 

of cloud mass via entrainment in terms of known cloud properties,   viz. 

dm I 
dt ent 

ß'm      dV        ß'm   dT       B'm   dP 
V dt    "     T      dt P      dt 

Considering the three terms on the right side,   we find that the volume 

term can be evaluated from knowledge of cloud growth behavior that h'i 

been obtained from observations of nuclear clouds (see Appendix C. 1),   the 

temperature term can be obtained from equation (1. 4D) or (1. 4W),   and the 
dP pressure term can be evaluated using the hydrostatic law (i.e. ,  -j— = -  P   g). 

Dry 

dm 
dt ent 

1 - 

B'm 

kJ c     (T)dT 

/- 

< v  ^ V    + 
P1 

T c 
K" -<s _gu_ 

R   T a   e 

(1. 7D) 

where S = 4nR   ,   R     is the horirort?! cloud r   dius,   and ^ is the same as in c        c 
equation (1. 13). 

-13- 
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Wet 

dm 
dt ent 

ß'm 

1 + 

ß-  

i-    X€ 
1   ■ ■       —11 

c   R   T' 
P    a 

T - T    + 
c 

L(x-x   ) 

ß'/T" 
  

1  + L_£l-, 
c   R   T' 

P   a 

guT' 

T""c e   p 

1  + Lx 
R   T a 

.ZL ^V- ) •   (i.7W) 
R   T a   e 

PARTICLE FALLOUT 

The rate of particle fallout,   p(t),  is computed via the expression 

p{t) = nR2pp^ 

j 
M^

D
JK (1.8) 

where   P    is particle density,   D. is particle diameter,   n(t). is the number of 

particles in the jth particle size class per unit volume of cloud,   and R    is 

horizontal cloud radius.     The particle settling rate,   f.,   is computed by 
1.6 J 

Davies equations. *       The summation is taken over tht particle size classes, 

NET MASS CHANGE 

The net mass change is the  sum of the mass change by entrainment 

and the mass change by fallout. 

dm 
dt 

dm 
dt 'ent 

- p(t)      . (1.9) 
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DRY CONDENSED MASS MIXING RATIO 

In time,   dt,   a mass of dry air T— dml is entrained,   and a dry 1+x
c lent 

mass —| p(t)dt falls out.     Then, s + w ^ 

s(t + dt)    = 1   f S + X + w 
m 

s 4 w p(t)dt 

m 
lfs+x+w        1+x 

dm 
lent 

ds. 
dt 

1 -^ s + x+ w 
.n s + w 

1        dm 
1+x        dt ent 

(1.10) 

This can be written in the same form as equation (1. 5W): 

ds 
dt 

1     1+x 
e1   1+x m    dt ent 

1  + X i  S + W 
m (Tf^)P(t) s + w 

(1. 10a) 

CHARACTERISTIC VELOCITY 

The characteristic velocity,   v,   is given by 

v = max      |u|, -V2E   | (1.11) 

Use of characteristic velocity instead of simple  rise velocity allows en- 

trainment and entrainment effects to continue after the upward motion of 

the cloud has ceased. 

15- 



VERTICAL WIND SHEAR 

Wind shear operates on the cloud (it is assumed) by stretching it,   thus 

increasing the cloud surface and increasing the total rate of entrainment. 

Instead of attempting to model wind-induced changes in cloud shape,  there- 

fore,   it is practical to model directly the effect of shear on the entrainment 
13 rate.     This treatment of wind shear was developed by Huebsch. 

It is proposed that shear increases the entrainment rate by an amount 

proportional to the product of (1) the magnitude of the wind-velocity differ- 

ence,   v   ,  between the top and bottom of the cloud,   and (2) the cloud verti - 
s 

cal projected surface area,   i.e.,   vertical cross-section.     The choice of 

the magnitude,   or absolute value,   of shear,   recognizes that the effect of 

shear on entrainment is irreversible.    The vertical,   instead of total,   cloud 

area is chosen because horizontal wind motions can cause air to flow only 

through a vertical,   not a horizontal,   element of area. 

The wind shear or velocity difference mentioned above is v     =1 V(z+H   ) 
_i I _* s     ' c 
V(z - H   )| where V(z) is the wind vector at height z and H    is the vertical 

radius of the cloud,  and z is the height of the cloud center. 

To account for effects of shear on the cloud rise we make simple modi- 

fications to the volume terms in equations (1. 7D)   »nd (1. 7W).    Namely, 

I  *v --^    M I   v + k6 IT1 vs       ' (1- 12) 

Here k,   is a non-dimensional constant,  inserted for flexibility in computa- 

tion,   but normally taken as unity. 

CLOUD FORM 

Vertical Radius 

At all times except the initial time,   the vertical cloud radius is taken 

to be 

1 
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H     = Mz - z') (1- 13) c 

where p, is an empirically derived quantity (equation (1. 18)),   and z' is a 

constant for a particular case that is obtained from initial values of H r c 
and z via equation (1.13) (see equation (1.26)). 

Volume 

The cloud volume is computed via the ideal gas lav equation as 

V = R   T*ßlm/P   . (1. 14) a 

Horizontal Radius 

We assume an oblate spheroidal shape for the cloud so that the hori- 

zontal radius is obtained from the volume and vertical radius as 

'V3V- Rc .   ^/3V/(4TTHC) (1. 15) 

EMPIRICAL PARAMETERS 

Excluding   those   used  exclusively to determine initial cloud properties, 

the model uses a number of dimensionless parameters that are determined 

either from observed cloud ris.    iata alone or from comparisons of observed 

with calculated cloud rise data. 

A parameter,   k7,   the so-cai. ^d eddy viscosiy parameter,   is used in 

equations (1.1) and (1.7).     This parameter was originally taken to be a 
1 V constant by Heubsch        ,   but as a  result of comparison of many observed with 

calculated stabilized clouds,   (see Appendix A. 2),  we have determined that 

k_ should be a function of yield.     Our specification of k- is 

k2 =  0. 075   , W < 0. 55 kT 

k     =  0. 065W"0   24   ,       W ^  0. 55 kT   . 

(1.16) 
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The constant k.,   used in the equation for dissipation rate of turbulent 

kinetic energy density,   equation (1,6),   is given a value of 0. 175.     This is 
1   7 unchanged from the original model, 

A constant,   k,,  taken to be unity,  is included in the wind shear correc- 
13 tion to the entrainment equation (see equation (1. 12)). 

1. 5 In their study of observed cloud rise data,   Norment and Woolf found 

that vertical cloud radius could be expressed as a linear function of cloud 

center altitude (equation (1. 13)).    The dimensionless yield dependent para- 

meter |i,,  which also appears in equations (1,1),   (1. 7D) and (1. 7W),  was 

found to be 

H = 0.092W0- 130   , (1. 18) 

Using the cloud rise model described in the first edition of this docu- 

ment,  we executed cloud rise simulations for each of fifty test shots for 

which observed atmosphere structure and stabilized cloud data are avail- 

able.    Simulations for each shot were done over a range of values of F, the 

explosion energy fraction in the cloud at our initial time,   such that a "best 

fit" F value could be assigned by least squares for each shot.    From these 

"best fit"   F values,  a yield dependent general expression for F was ob- 

tained.    Calculations with the revised model indicate that the expression 

does not need to be changed.    We find that 

F = 0.44W0-014     . (1, 19) 

INITIAL CONDITIONS 

A set of initial cloud properties has been derived mostly from the re- 

lations by Norment and Woolf which describe observed nuclear cloud rise 

data, *       The reader is  referred to reference  1, 5 to find the origins of the 

expressions presented here.    Units are in the mks system and W is ex- 

plosion energy yield in kilotons equivalent of TNI", 

CLOUD CENTER ALTITUDE 

The initial cloud center altitude,   z.,   is piven by 

-18- 
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z. = h +  108W 
i 

0. 349 (1.20) 

whers h is height of burst above mean sea level (rrsl). 

CLOUD MASS AND VOLUME 

Initially,   the cloud mass is 

m.  =  m      .  + m       .  + m i a,i ..i r 

where m      .  is initial air mass,   m       .  is initial water mass,   and m    is a, i w, i jrg 
initial soil mass,     m    is supplied by the Initial Conditions Module    '   ; the 

other quantities are computed as follows, 

m 
a,i 

5P 

r,i 
12 FW|4.18x10 -m cs(T)dT 

e. i 
(1.21) 

I e,i 

cpa(T)dT+xeJ      cpw(T)dT 
T e.i 

(1  -cf) FW   4. 18x 10 
12 

m r     J s 
T e,i 

r. i 

c   (T)dT 

m 
w, 1 

/ 

+ x   m 
e     a,i (1.22) 

c      (T)dT   t   L pw 

e, i 
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where the initial temperatures for air and soil,   T. and T    . are specified r i r,i r 

by the Initial Conditions Module,  cp is the fraction of available energy used 

to heat air,   and  F is the fraction of the total explosion energy available to 

heat the air,   water,   and soil in the cloud (equation 1. 19)).   cp is specified in 

the input. 

The initial cloud volume is obtained from the ideal gas law as 

V.  = (m      . + m      .) R   T. /P i a, i w, i      a   i (J.23) 

CLOUD SHAPE AND DIMENSIONS 

Initially,   the cloud is assumed to be an oblate spheroid with eccen- 

tricity,   e,   of 0. 75.     Therefore,   we compute R      . and H     . as c, i c,i 

c, i 
3V. 4TT X 

1/3 

(1.24) 

H' 
c, i 

2 2 
R      •    (1 -e   ) (1.25) 

The parameter z1 in equation (1. 13) is evaluated at the initial time, 

and kept constant thereafter,   from the expression 
I 

-'  =   zi-Hc.A      ' (1.26) 
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RISE VELOCITY AND TURBULENT KINETIC ENERGY DENSITY 

Initial cloud center rise  velocity is given by 

| u^nkt^-1 (1.27) 

{ where 

n = 0.409W0-071 (1.28) 

1 k=595W-0-Ü527 

1  8 I and t. is the initial time supplied by the Initial Conditions Module.' 

I The turbulent kinetic energy is taken to be 

1 E.ru^/Z     . (1.29) 

I 
I 
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SUMMARY OF EQUATIONS 
USED FOR  THE CLOUD RISE SIMULATIONS 

DIFFERENTIAL EQUATIONS 

Momentum 

dT = {[■ - l j g/d -n) 

r2k2v 

c T 

P,  , ,          .        1       dm 
( 1 -   (A)   +■ —j—      u    f - 

m       dt    J      J m + 
m 

m: (1. 1) 

Height 

dz 
dt =    u {1.2; 

Water Vapor 

dx 
dF 

1 + x + s    . .1     dm 
—r—;    (X  - X     )      —T— 1 + x em     dt 

ent 
(1.3D) 

1   dx 
x    dt 

Le        dT «       n^/c-i^if  +,l*x/.,-^- a 
R    T a R   T a    e 

(1. 3W) 

Temperature 

dT 
dt 

P1 

c   (T) 
P 

-^   guJ    fcpa(T,dT| 1 
Fm" 

dm 
dt ent 

(1.40) 
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dT 
"ar 

ß1 

i +-^^T 
cRT 

P   a 

(T  - Te) + 
L(x-xe) 1        dm 

dt ent 

< C
P 

u I   i  + 
Lx 

a 

6 
c 

(1.4W) 

Condensed Water 

dw 
dt 

1      |  1 +x W  + X  - X 
1      dm 

m       dt ent 

dx 
dt 

Turbulent Kinetic Energy Density 

dt 2 ^r   0 
ü  v 

H 
u 

m     dt 

1 + x + s + w/      w 
m 

ent 
IT     

1    lül- 
■^  "^     dt 

Mass 

'ent 

+ w j |p(tl 

(1.5W) 

(2E) 
3/2 

H 

(1.6) 

dm 
dt ent 

ß'm 

P1 

T*c 
c   a(T)dT pa 

v To T* 
gu -6 lü—S (1.7D1 

R   T a    e 
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dm 
dt 

0' m 

ent 

1   + 

/     s    .V+JLVT 
1 + 

c   R   T' 
P   a 

77— L   xe 
■   ■ ■      ^ ^ 

c   R   T' 
P   a 

e   p 

L(x-x   ) 
T  - T     +  2_ 

e c 

1   +-tx\       j^ 
R   T c a p R   T*   f a    e 

(1.7W) 

Particle Fallout 

p(t) = nR^p^f./^.D3|n(t). 

J       \ I 
Net Mass Change 

(1.8) 

dm dm 
dt dt P(t) 

ent 
(1.9) 

Pry Condensed Mass Mixing Ratio 

ds    _        1       1   t  x 1     dm 
dt " "F"   1 +x       8   7^"   "dT 

e ent 

l+x + sfw.     s        .   ... 
m (1. 10a) 

Characteristic Velocity 

/ 
v = max I    u   , /\fZE (1. ID 
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Vertical Wind Shear 

To account for effects of shear on the cloud rise we make simple modi- 

fications to the volume terms in equations (1.7D) and (1.7W).    Namely, 

V-^-Hl'^Tff1'. I- ,1-12) 

CLOUD FORM 

H    = ^(z - z') (1. 13) 
c 

V = R    TVm/P    . (1. 14) 
a 

R     r   ^ 3V/(4TTH   ) (1.15) 
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APPENDIX A. 1 

LIST  OF  SYMBOLS 

A NOTE ON NOTATION 

This report uses hydrodynamics,   thermodynamics and meteorology. 

These   fields use the  seme  symbols for different quantities;    consequently, 

any notation  must violate  some usage.     For example,   in meteorology x 

and w are used for ratios of vapor-and liquid-water mass to dry air mass, 

respectively.     But in hydrodynamics the velocity components u,   v,   w 

correspond to the coordinates x,   y,   z.    Since  z is the usual symbol for the 

vertical cooidinate,   as in dP =  - p    g dz,   inconsistency cannot be avoided. 

SYMBOLS 

c specific heat of gas at constant pressure 

c specific heat of dry condensed matter 

D. fallout particle diameter in the jth particle size class 

turbulent kinetic energy per unit mass 

eccentricity of ellipse 

f. 
J 

still-air settling  rate of particles in the jth particle 
size class 

fraction of explosion energy,   W,   contained in fireball 
at start of rise (equation (1. 19)) 

acceleration of gravity 

li enthalpy 

H vertical  radius  of the nuclear cloud 
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k_ dimensionless empirical parameter (in eddy-viscosity) 
(equation (1.1 6)) 

k, dimensionless empirical constant (in dissipation rate) 

L latent heat of vaporization of water or ice 

m mass of cloud 

m' virtual mass 

m initial mass of refractory matter r 

n(t). number of particles per unit cloud volume in the jth 
particle size class J 

P pressure 

p(t) rate of soil fallout 

1 ± x/e q(x^ 1 + x 

R gas constant of air,   i.e. ,  universal gas constant 
divided by mean molecular weight of dry air 

R horizontal radius of the nuclear cloud c 

s dry condensed mass in cloud per unit dry air mass 

T temperature 

T* Tq(x),   i.e. ,   virtual temperaturt- 

T condensation temperature of refractory matter 

T initial mean temperature of condensed matter in cloud ro M (applicable to land-surface-bursts) 

t time 

u vertical velocity of cloud 

V volume of cloud 

v characteristic  velocity,   v = max ( | u I , v2E  ) 

W total explosion energy (kilotons) 

w liquid and solid water mass per unit dry air mass 
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I! 

z 

t 
e 

cp 

mixing  ratio (water vapor mass per unit dry air mass) 

vertical coordinate 

l+w 
ratio of gas density to total density of cloud = -r——;—;  * 7 7 1+x+s+w 

energy dissipation  rate per unit mass 

ratio of molecular weights of water and air  18/29 

empirical parameter used to determine vertical cloud 
radius (equation  1. 1H)) 

ambient air density 

fallout particle density 

fraction uf available fireball energy used to heat air 

■ 

■ 

I 

Subscripts 

a air (dry ai r) 

e ambient (environment) conditions 

ent entrainment 

ext external 

i r   tial value 

j h'-xjcifies a particle size class 

r i« fractory matter 

rq c inIHl rium temperature of  refractory matter 

rs dry m       •■ 

w water or water vapor 

wv water vapor 

wj2 liquid and solid water (i.e. ,   water and ice) 
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APPENDIX    B. 1 

THE MOMENTUM EQUATION 

In the DELFIC cloud rise model,   the nuclear cloud is treated as a 

buoyant,   entraining,   hot bubble of air that is laden with a certain quantity 

of soil particles.     To obtain the equation of motion of the cloud,   in terms 

of rate of rise of its center,   we must set up a momentum balance equation 

and solve this for the clcud center acceleration. 

Arcording to    potential    flow theory,   a body accelerating through a 
R    1    1 

fluid causes a net displacement in position of a mass m' of the fluid    * . 

(For a sphere,   m'  = TP  V. )    This fluid displacement effectively increases 

the momentum of the body,   so that in computing its momentum,   the mass 

m',   called the virtual mass,   muat be added to the mass of the body.     In 

the DELFIC cloud  rise model,   rn'  is given a constant value equal to   P     . V./2, 
e, i 

The rate of momentum change of the cloud is equal to the buoyant 

force on the bubble minus the drag force,   viz. 

. 2k?   P 
^(mu + mu) = V(Pe- P)g  - "H

1
 -^ vum . (B. 1. I) 

c 

Now,   if we perform the differentiation indicated on the left side,   divide 

both sides by m,   and note that 

p T* -JL =   -Ll_ B- 
p T   -  P      ' 

e 

we obtain Huebsrh s original expression 

du rpr*      Q1 "I I   2k2V     T«     B(        1    dm~|     ^      m .     /T,    .    7« 
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In deriving equations (B. 1. 1) and (B. 1.2) certain assumptions are made 

implicitly that we now n^ed to recognize.     In these equations we assume that 

we are following the motion of the center of gravity of the cloud.     We also 

assume that growth of the cloud by entrainment of ambient air is symmetric 

about the cloud center.    Actually,   since we have no definite knowledge of the 

location of the center of gravity of the cloud,  we chose to consider the geo- 

metric center as being equivalent to the center of gravity.     This in itself will 

inevitaoly lead to some prediction error,   but in any case,   the assumption of 

symmetric entrainment need not be made since this can easily be corrected 
,      B. 1. 3 
for. 

Entrainment asymmetry arises because most if not all entrainment must 

occur above the level of the cloud center.    If this were not true,   it would 

mean that ambient air entrained below would need to chase, and catch up with, 

the rising cloud.    Thus we assume entrainment occurs via inelastic collision 

with,and absorption of.ambient air. 

If we ronüider the growth of a nuclear cloud over a short time interval At, 

and assume all the entrainment occurs in the upper half of the cloud,  we find 

that the cloud center height will increase because of the asymmetric entrain- 

ment alone.     In Figure B. 1. 1 the smaller ellipse represents a vertical cross 

section of a cloud at time t and the larger ellipse represents the same cloud 

at t + At.     The upward motion of 

the cloud bottom has been subtracted 

in the figure.     We  see that if the 

vertical  radius increases by AH   , 

the apparent cloud center height also 

increases by AH   ,   and that this 

would occur even if the momentum 

of the cloud were   zero.     The ve- 
Figure  B. 1. 1    Apparent Increase in loci      that s in equation (B. 1.1) 
Cloud Center Height Resulting from i er M ^ ' 
Asymmetric Entrainment. is relevant only to the mot.'on of the 

cloud from its momentum,   whereas the observed velocity includes also the 

apparent rise from the entrainment growth.     Thus the apparent rise velocity 

is given by 
dH 

u + 
dt (B. 1.3) 
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The  -ate of change of H   ,   readily derived by differentiation of equation 

(1. 13),   is ^u   .     We then obtain for the momentum velocity 

u = u  (1 - u)   . a (B.1.4) 

When this is  substituted in equation (B. 1. 1),   and the resulting equation is 

solved for the cloud center acceleration,   we find 

d 
Si s-{[f H—'-R- 0    (1-U) + 

_1_   dm 
m ~3r 2 m 

m+ml (B. 1.5) 

where we have dropped the subscript a on the u.    Notice that we have applied 

the (l-p.) factor to the characteristic velocity,   v,   as well as to u.    This Ja 
done because v   acts as  a rise velocity in evaluation of the drag force on the 

cloud (see eq.   (B. 1. 1)). 

Table B. 1. 1 gives illustrative values of tin- factor 1 - ii as computed 

from equation (1.18).     Obviously,  for high yield shots this factor is quite 

significant. 

TABLE B. 1. 1 

Values of 1 - Mi for Selected Explosion Energy Yields 

1 

i 

W(kT) 

• 01 

. 1 

1 

10. 

100. 

1. 000. 

10, 000. 

00, 000. 

i -v. 

.949 

. 933 

.908 

.876 

.833 

.774 

. 695 

. 589 
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APPENDIX   C. 1 

PHI-:  KNTKAINiwtNT EQUA'        N 

In i\r oriKinal cloud  riav model,   Huebach uses an entrainment 

equation (equation   i. H of  reference C. 1. 1) that consists of a single 

term which corresponds  to the first term on the  right of equations 

( 1. 7n) an'I   ( 1 . 7VV ) above.     This  relation was  found to yield acceptable 

cloud  rise  simulations,   particularly in terms of the  stabilized cloud 

properties,   and its acceptance is based on this excellent criterion. 

On the other hand,   the  study by Norment and  Woolf of observed cloud 
C    1   Z rise behavior '  has  led to an empirical unde rstanHing of the basis 

of the  Huebsch relation,   anfl it has  shown that the   relation actually is 

inadequate  to describe  entrainment by the early cloud.     In this appendix, 

we will  show now a more correct entrainment equation can be derived 

from  the  ideal gas  law and observed clourl behavior,   and how the Huebsch 

entrainment equation   relates to this. 

DF-KIVATION OF  THE KNTKAINMENT EQUATION 

I et  us  begin  with  the   well-known  equations  for  expressing   rate   of 

change of  volume and  temperature  in an ideal  gas  hot bubble   rising 

through an  ideal  gas  hydrostatic atmosphere. 

1     dT /.      JL\     -L      'l,M 1    1LJ   ^£ 
T    dt [ Y j    m      ^~ f'     '"    cp 

1 dV 1 dm ; rIT 1 fll 
V dt m Tf   ' f dt p dt 

fC. 1. 1) 

(C.1.2) 
3 
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where 

T 

? 

P 
e 

rn 

t 

average cloud temperature 

average cloud density 

rlensity <jf the ambient atmosphere 

total c'oud mass 

pressuie (we assume pressure  equilibrium 
with the atmosphere) 

t i m e 

molar ideal gas law constant 

molar heat capacity at constant pressure 

total cloud  volume. 

To avoid algebraic complications that result from including  soil and 

water vapor,   we will ass'ime an air burst in a dry air environment at 

low altitude.     To obtain the entrainment equation,   we   rearrange equation 

(C. 1. Z) and multiply through by m  to obtain 

dm 
dt =   P 

dV m dT         m 
dt            P 

dP 
dt r dt 

(C. 1. 3) 

Next  let us  assume  an oblate   spheroidal  shape  for the  cloud 

(i, e.   V = 4 " R    H   ) «o that 3 c     c 

V   dt 

dR 

if "dT 
(C. 1. 4) 

where   If     and  R     are-   the  vertical   and  hori/.ontal  cloud   radii   respectively, 
c c r 

Studies   of  cloud   rise  data   show   that  for  times   less  than   about   two  or  three 

minutes  (depending on  yield) 
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K A ( /. - z . ) c 1 (C. 1.5) 

/.  -   /, j       kt (C. 1.6) 

and up to stabilization time 

H Ms  - z7) 
C £ 

(C. 1.7) 

where z is the cloud center height and A, M-. z., z-,, k, and n are constants 

that can be determined from cinefilms for particular shots. By combining 

«•quations (C. 1. S) and (C. 1. 6) we get 

R      =   \ kt c 
(C. 1. 8) 

and  from  equations  (C.  1.6) and (C.  1.7) we  get 

H ukt     f  u( z,   -  z-, 1 c 1 d (C. 1.9) 

Now,   on  substituting equations (C. 1.8) and (C. 1.9) into equation 

(C. 1.4) we obtain 

1 rLv 

V   dt 
nkt 

n-1 (C. 1. 10) 

ktn    .   zl.z2 
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Next,   by differentiation of equation (C. 1,6) wt- obtain the cloud rise 

velocity,   u 

u 
n{A - z^) 

(C. 1.  11) 

and  substitution of this into equation (C. 1. 10) followed by  multiplication 

through by V yields 

dV   _     Vu 
dt z - z 

2  + i "I 
1    (   (/^   -  z2)   /   (Z  -  Zj)   J 

(C. 1. 12) 

Substitution of equation (C. 1. 12) into equation (C 1.  i) yields finally 

dm 
"dT- 

PuV 
z - /., 

2  1 
 I        ~|      m    dT        m   dP 
I +(zl - z2) /(/, - z^J"    T    dt     +    P   dt ; C;. I .  13) 

which is our basic cntrainment equation. 

To express this in a  form that can be   related  to the entrainment 

equation  given by  Huebsrh,   we  need  only   require   that   /, z _,.     (As   noted 

in   reference    C. 1.2  this  is   frequently  true,   but in  virtually  all cases, 

even fit early times when z is  small, 

z    -  z . 
< 1 

and  can be  neülected. )    Then  since  V       —   n H      H     and we    issutne   (1 
'» c      c c 

M-f z - /.. )    (see equation (C. 1.7)),   we obtain 

dm .    ,2 m d'l'        i n   '11' 
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or 

dm 
=   m rr   M.U   - 

m  dT m   dP 
P" cTT (C, 1. 14) 

where S = 4nR , CompariBon of this equation with equation (3.8) of 

reference C. 1. l.the Huebsch entraii ment equation, shows that if we 

neglect the second and third terms on the right hand side of equation 

(C. 1. 14), we have an equation that is equivalent to that of Huebsch^. 

Furthermore, the Huebsch parameter X is indicated to be equivalent 

to our parameter (i and, if this is true, should be a function of explosion 

energy yield, 

0.092 W 0. 130 (C. 1. 15) 

where W is in units of kilitons.    Huebsch has used a constant value of 

0. 25 for this parameter. 

SIGNIFICANCE OF THE ADDITIONAL ENTRAINMENT EQUATION  TERMS 

It is easy to show,   though we  shall not go through the calculations here, 

that when the cloud is hot (i. e. ,   when T > > T   ),   the temperature term in 

equation (C. 1. 14) actually dominates the entrainment.     Thus,   neglect of 

the temperature  term results  in a gross underestimation of the entrainmcnt 

rate under thij condition.     By  referring to equation (C. 1. 1) it is easy to 

see that if the entrainment rate is incorrect, the cooling   rate is affected 

directly.     Again,   it is easy to show,   via simple calculations,   that when 

T >> T     the  coding rate is ir.deed drastically in error.     For example,   for 

a cloud at  3000° K,   under expected conditions,   the fractional cooling rate 

(i. e. ,   •= -IT-   ) of the old mode',   when compared with the  revised model,   is 

too low by a factor of almost four. 

,;'    Equati«  i (3. 8) of Huebsch contains a turbulent kinetic energy contribution 
to the velocity factor (see equation 2. 8 of reference C.I.I),   however,   at 
early times this contribution is negligible am' is,   I believe,   ignored (see 
Hection 2. h. 3 of  reference C. 1. I) 
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With regard to the pressure term that appears in equation (C. 1. 14), 

its contribution seems to be quite small relative to the other terms at all 

times.     Thus,   its  neglect in the prior version of the morlel should not 

have  significantly influenced the  simulation  results. 

TURBULENT KINETIC  ENERGY AND ENTRAINMENT 

The use of turbulent kinetic energy density to control late cloud  rise 

and growth is a major attraction of the Hucbsch cloud rise model.     For- 

tunately,   there is no  reason why the  revised version of the model cannot 

incorporate turbulence effects in a manner analogous to that ust-d pre- 

viously.     This is cione  simply by  replacing the cloud  rise velocity  in 

equation (C. 1. 14) by the "characteristic  speed,''    v. I 
I v  =  max   ( | U | , VZEJ 

I This has been done in equations (1.7D) and (1.7W) above. 
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INTRODUCTION 

Thf Cloiul Rise Module computer code has been thoroughly revised 

and  reorganised.     The   revisions,   for the most part,   reflect the basic 

changes  in the model that are discussed in Part  1  of this document.     In 

t€?rms  of its effect on the  code,   certainly the change with most far reach- 

ing elfect is the deletion of the particle growth capability.     This deletion 

has allowed the elimination of several whole subroutines,   it ha, allowed 

use of a single,   arbitrary tabular representation of the  fallout particle 

size  spectrum,   which is provided by the  Initial Conditions Module,   and 

it has made much easier the work of reorganization and tidying of the 

code. 

Several changes that do not affect the cloud  rise simulations per se, 

but are of fundamental  importance to subsequent atmospheric transport 

and output processing,   have  been made  in subroutine RSXP.     These 

changes are as  follows: 

In the old model,   all output particle wafers  have 
square shaped hori/.ontal cross-sections with an 
edge length that is equal for all wafers.     In the 
old model  it is  necessary to subdivide all large 
wafers in the  horizontal plane,and the  wafer edge 
length is  determined by the number of horizontal 
wafer subdivisions that are  specified by the user. 
In the new model  it is possible to  subdivide 
wafers in the  horizontal plane as before,   but no 
longer is  it  necessary to (In so.     Now  wafers of 
any horizontal dimensions are acceptable   fo the 
Tru. .-port Modules and the Output  Processor 
Module of   DELFIC. 

In the previous model,   outpul particle wafers 
have  no vertical  thickness;  each wafer's  con- 
tents are projee'vd on to the1 horizontal plane 
that passes  through its center.     In the  new model, 
each wafer maintains its vertical thickness 
throughout  the-  cloud  rise  computation, and   it is 
described in the output as a three-dimensional 
entity. 

In the new model  the   rise and growth of the  top 
and bottom  of each particle  wafer is  computed 
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independently.     This allows th^ wafer Reo- 
metry to be determined in a physically   realistic 
manner.     Thus,   should the bottom of a wafer 
settle out of the  cloud  cap before the  cap has 
attained its final height and si/.v,   while the 
wafer top remains  inside the cloud,   then the 
wafer top and bottom not only can be  separated 
by a ccnsiderablo distance  in the vertical,   but 
also they can be very different in their hori- 
zontal dimensions.     The new model has been 
designed to cope with these  sid.ations.     The 
precise means used is  described here.     A 
corollary change allowed by this new feature 
is that it is no longer necessary or desirable 
to reduce below-cloud wafer  radi; by an unreal- 
istic  "stem shrinkage  factor" (see equation 
(2.19) of the first edition of PASA-1 HOO-III). 

In Appendix A. Z we present some simulated stabilized cloud data and 

we compare these with observations.     In addition,   a complete cloud  rise 

history for a   1 5M T surface  shot is given in graphical form. 

METHOD OP^ CALCULATION 

The basic differential equations used to describe the  cloud   rise and 

growth have been described in Part   1  and will not be   repeated.     We are 

concerned here with specific numerical procedures and geometric con- 

structs used in the  Cloud  Rise   Module  calculations.      These  calculations 

are divided iMo two major parts.     The  first  is carried out by subroutine 

CRM and its associated programs;  the  second is carried out by subroutine 

RSXP.     CRM  computes the cloud  rise and growth as described in Part   1 

and,   in the process,   compiles a time-hi.story table of cloud properties 

(array CX(I,,I))       After the  complete execution of CRM,   the  cloud rise 

history table,   CX(I, J),   it-,  used  by  subroutine RSXP  to   resimulate the 

cloud  rise  for the purpose of setting  up a  list of particles-aloft  for input 

to the  Transport Modules.     Details  concerning cloud p.lructure are some- 

what  different  for the two parts of the calculation.     lor this   reason we 

consider the methods used during these  calculations  separately.     It  should 

always  be  borne  in mind  that  tlie  CRM  calculation   results   are  used to 

construct array CX,   which then  forms the hasi.i  for the   RSXP calculations. 
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ancJ the only conMiiUJiication between the CRM and RSXF calculations is via 

this array and the particle-siz«1 mass-frequency distribution, 

BUOYANT CI-OUP RISE:  THE CALCULATIONS OF SUBROUTINE CRM 

Initial Conditions 

Explosion yield,   height of burst,   initial time,   initial temperature,   soil 

burden,   soil solidification temperature,   and a particle size distribution 

table are  supplied by the Initial Conditions Module (see  DASA - 1800-11). 

Other initial conditions,   such as cloud center height,   fraction of ex- 

plosion energy in the cloud,   cloud volume,   and vertical and horizontal radii 

of the cloud are competed as indicated in Part  I, 

Physical Quantities 

Specific heats of air,   water,   and soil are computed by the following 

equations  (joules/(kg   -     K)) 

pa 946.6 + 0. 19710T,    T s 2300 K 

-3587. 5 + 2. 125T,     T->2300oK 

(2. 1) 

1697.66  f  1. 144174T (2.2) 

7H1. 6  f  0. 56S2T  -  1. 881  ~.  107/TZ, T   • 8480K 

100 3. 8   (  0. 1 iSIT,     T   > 848   K 

(2.3) 

The specific heat equations for air and water were derived from data in the 

N BS Gas  T'ablefi ,     The  specilic heat  (.-quations  lor soil are those  given by 

Kelly  for  silica. 

The latent heat of vaporization of water from liquid to vapor is 2. 5x 10 

joules/kg,   and fron, ice to vapor is 2. 8 1 x 10    joules/kg.  '        The heat energy 

equivalent of on* kiloton of explosion vrn rgy is 4. i8x 10    ' joules. 

The  ideal  gas   law  constant for air   is   taken   is  2.H7 joules/(kg -     K),   and 

the acceleration of gravity  is 9.8m/sec   . 
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The water vapor mixii g  ratio in the atmosphere external to the c'outi, 

x   ,   is computed from the expression 

c.. 1 J 
109.9811     /    ! 

29P 27 } 
exp 

T     -  27^ 
e   

T 
(2.4) 

where T    is the temperature of the atnu^sphen- external to the     loud,   11 

is the  relative humidity (per cent),   and P is the pressure (newtons per 

square meter).     Saturation water vapor pressure  in the cloud is computed 

from the expression 

5. 1 3 

P       =611 
WS 

T 
273 exp 25 

T - 2 7 3 
T 

(2. 5) 

Atmosphere Structu re 

The  Cloud Hise  Module  makes use of a  tahular dercription of the 

properties of the atmosph» re through which tin- cloud  is  to  rise     A tabu- 

lated description of atmospheric   properties  vs.   height must be  supplied 

to the  Cloud RiR*' Module,   but  great latitude exists  with  regard to the 

heights at which , roperfie8  may be  specified,   the  formats,   order,   and 

units  in which the values of property parameters  may be  furnished,   and 

even  Mie availahility of certain parameters.      The  tabulated quantities 

required (but  not all necessarily supplied in the  input) are altitude, 

temperature,   density,   viscosity,   pressure,   and   ri lative humidity.     Also 

included with these tables are acceleration ol  gravity and mean free path. 

The atmospheric description  derived  from the   input  data extends from 

-1000 to   SO.OOOm  in  increments of 2()0m,     Complete  details are given  in 

the   discussion ul  subroutin«    'CHD and in the User  Information Section. 

Wind   Data 

To compute the effect  on the  cloud  vise  ol   «A md   shear   requires  avail- 

ability  of  the  altitude  profile  ol   winds.     These   winds   are   input   via  the 
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Initial  C'i'iiihi s Mi'iliil»-.     ^«Vin.i slirar jlt'-i Is an   rompufocl vin t\:v riuilhuti 

■ lese riho«:! Dii v..    1'!.     Wi'vl ofirnpüiients a^ ..ny altitiuli   are evaluat^l hy  liivar 

mtt  i p( la i ion  v.' itli aititiiclc  m the wind data table. 

I 'a rticle Sizti Spectra 

llu-  Cloud  Rise Module   receixes a tabular  representation of a fallout 

p.tlirle  Hi/.e-niass fraction  distribution  from  th"  Initial  Conditions Module. 

I':«   distribution is  resolved into so-called particle si/.e classes such that 

en. !> table t ntry contains data pertinent to one size class.     The data arc: 

ceiitrcl  particle diameter for the  si/.c clasp,   upper anrl lower boundary dia- 

melt is for the si/.e clas.s,   and the mass fraction of the total soil burden that 

occ .is within the  size class.     The central paiticle diameter is the geometric 

meanol  !)u  bounda ry dianiete rs,   I'arliclc density is  input  via COMMON/SETl/, 

llu   Initial Conditions Module can construct tables for two analytical 

distribution forms,   lognormal and power law,   from the  required function 

p '   amoteis and a  spec Lfication of the number ■>{ size classes desired (sec 

P.A »A    1K00-1I dnd its  recent addenda).    It also can accept distribution data 

already   resolved into tabular form so th it it is not necessary that one of 

the analytical distributions be used. 

Loss of Soil Material from the Rising CJmid 

The amount of material  lost for each particle  size clas.s  is computed 

after ca,!. time increment and the  La-cloud particle distribution is adjusten 

accordingly,      The cloud particle content is assumed to be uniformly dis- 

tributed ihrough the cloud at all times      No attempt is made to follow the 

free air settling of sen mass increments subsequent to their departure 

from ttie cloud.     The computed loss of soil material directly affects the 

cbjuu byoyanc) and m-cloud particle distribution and indirectly affects the 

cloud traji ».tory and temperature  history. 

Nume i ical  integration 

A fourth order Runge-Kutta rntthod is used for integrating the differ- 

ential  equations tor the  various cloud  rise and growtti processes.    This 
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niothod roqnirt^s four evaluations of the differential equations for each tim» 

>t 
sti-p.    Ciiven a (quantity f   at tim«' t with differential (df/'dt)fI   thv metho'l pro- 

ceeds to fvaluatf  I at time t + At via the algorithm: 
, (At B 

f,   -- 1.   4 
At      df 

1        t        2       dt 

I      1   dt 

< = f, ji^VIl 
2        1 

Li -lrG. 
G2 = (2-V2)|| I^.ZIG. 

/      1 

. =f . fi^ 
■3    2 

At it-. 

G3^2+/'2M^12-|
2 + I^1   G2 

f -f    +^ t + At       3      TT 

/ 

fl,-2G3 (2. 1,) 

Fixed time  steps of 1/16,   1/2,   and 5 sec are used according to the schedule 

t - t;< 1 sec, At   -   1/16 sec 
1 

1 ä t-t. < 100, At -   1/2 
1 

100 < t - t., At -  5 

■Allere t.  is the initial time. 
1 
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11   i.'-  n. i  ii r.i' in   11 In   v< i iid lor s I ii IM m' all n f I ho   required cloud p rnp«- r- 

tifs  .il  i-.'ir  tiim    step c'urini1,  tin-  ('KM  lalculations.     Instead,   a tiine  history 

tahli-,   i   A    is i iiiii|)i!,■(! ,il  IUOIT wifK'ly spacccl lime  intervals.    The quantities 

storerj .MI   (nur,   . loud bottom .illiliidi ,   irloud top altitude,   radius,   tempera- 

Lure,   .nid j',is (|iT...it\   .it   the   reeordecl time;  also stored is the time  interval  to 

th»    next   i ilil<   nit ry and tin- average   rales  of cloud base and top  rise during 

Itus  inter\al.      ("hi'.se   rates are  computed by di I le-encina the appropriate  CX 

entries  .md fli\ idiiiu   b\   the  liiMe  incremi'iit. 

The  CX table entrii-s  are  made at tin,es  specified as  follows.     The   first 

entry   is  made at  the  initial  time,   I.. 
i 

app roximalei y by 

r  the   nth  table  entry,   t     is  ^iven 

I t. 
ii(n - l)(ii I 4)   /   i 

(I. 7) 

\yh'.  re  (    is the  base  of the  Naperian logarithm and  in   is  currently given  the 

value   >Z.     II  flu' user knows,   or   ran estimate,   t    and the cloud stabilization 

time  ithe  inaximun!  t   i,   he  can adjutt  the number of entries  ill the  CX table 
n 

to any desired value  by solving equation (J!. 7) for m.      The new factor e/i;i 

is  then applied m subroutine (.XPN at statement  (>£ \  I. 

Soi I .So lie ific.ition Time 

The time at which the average cloud temperature  reaches the soil soli- 

dification temperature is of fundanu nta 1 importance to the Particle Activity 

Modul«.:  cab. ulation  (see   DASA-1800-V).      Ibis  tune   is  determined (subroutine 

LINK«.') i)'.   liiieMr i nl e rpidat ion  in the CX table alter the  cloud  rise  is  com- 

pleter]. 

1 ' rog ra i    .1 led    -ilops 

The'•(■   ire six programmed  stops  in the  .loud  rise  calculations.     The 

particular switch used to stop tm   calculations always  is  identified jn the 
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output.    For fivu dl the switches thi' output jdtMititicat.ion is 

CLOUD  RISE  IS TKRMINATED  IN 

BV Till •; I WORD I 

,   j DC'SN I 
j CXPNI AT STATEMENT  <| XXXX I 

SWITCH. 

DC'SN or CXPN  is the name of tlu1 rclfvaut subroutine,   XXXX  is tin.'appropriate 

FORTRAN  statement numoer to i)e found in the card listings,  and WORD is the 

switch  identifier as ^iveu  in  the  following descrit)tions of the switches: 

1.    Radius expansion  switch     (WORD       R  RATE) 

("loud rise is stopped when the inequality 

/n 
R 

n 
H 1 

(t      -  t     ,)  -cTSRD n        n O (2.H) 

is satisfied,   where 

TSRD = exp   [ 0.014778/n(W)   -  7.0499] (2.!)) 

■V 

VV is (he explosion yield in kilotons     R  is the horizontal  cloud  raJius,   and 

t is time.     The suhseripl  \t refers to the nth entry in the C^ array table 

(see the Cloud  Rise  Hiflory Tu'itie section).     This  is a normal  termination. 

49 



A~CON 

2. R un- a y s wi t c h (WOR D = Z LMT) 

C loud r i se i s stoppe d whe n th i nequa lity 

z > ZLMT (2. 10) 

is s atisfie d, whe r 

Z LM T = 1 0 4 W 1 I 4 ( 2. 11 ) 

z is cloud center height and W is explosion yield in kilotons. This is 

an abnormal termination. 

3. Tempe rature switch (WORD = TEMP) 

Cloud r i se is stopped when the inequality 

T < 10 

is satis fied, where T is the average cloud temperature in de grees 

Kelvin. ·T hi s is an abn u rmal termination. 

4. CX array overflow switch (WORD = MCX) 

Cloud rise is stopped when the inequality 

MCX > 9\J 

is satisfied. MCX is the CX array entry counter. This is an abnormal 

termination. 

5. Minimum radius switch (WORD • R. LT. i ) 

Cloud rise is stopped when the inequality 

R<l 
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i~ sati sfi e d, wh ~ r R i s th ho r·izontal t·lc ud r a di us . Til t s t !> cut a bn o r ma l 

tc r rnination. 

The !> ixth swi t h i ti us t' d to t(• rminatc• th < lou d r·i s > if a n ·gati 

particle numb r d n s i t y (nunt bc r /u nit ·1 ud o lurn ) i s foun d. A c or'n m e nt 

EG A TI P A RT! LE DE SITY 

is printed. 

GENERATION O F TH E PARTIC LES A LO F T L IS T : THE CALCULATIONS 
OF SUBROUTINE RSXP 

As described pre viously, the RSXP calculations consist of a second 

pass through the cloud rise using the loud ris e history table, CX. During 

these calculations particle inputs are pre pared for the transport calcula­

tions. In subroutine RSXP no accounting is made of the hor~zontal move­

ments ol particles during the cloud rise; such corrections are applied to 

each cloud subdivision by subroutin.: WNDSFT of the Cloud Rise-Transport 

lnte rface Module. 

Cloud Structure 

Throughout the RSXP calculations the cloud is taken to have a cylin­

drical structure with radius, top height, and bottom height taken from the 

* CX array. At the initial time, the cloud is subdivided by a set of horizon· 

tal planes into an arbitrary specified number of subcylinders as shown in 

Figure Z. l. A geometrically identical and co-located set of such spatial 

subdivisions is defined for each particle 

size class. He reafter we shall call these 

subdivisions wafers. The number o{ 

wafers per particle size class is the same 

for each particle size class and is sped­

lied by an input integer KDI. If the input 

Figure Z. l. Subdivbion of the Initial­
Time Cloud Cylinder into Four Wafers. 

*The CX Array entries are calculated for an oblate spheroidal cloud in 
the CRM calculations. 

-51-



AROOM 

value ni   KDI S 0,   a value uC KDI is supplied by the program a.' 

KDI      INT [,.0 )  (/,.,, -  /,. )/100 I , i n a x 13, in a x (,
n 

(2. 1^) 

or KDI       'i.   whichever is areater,   where  /.„, and /.,, arc the 
T.max ß,max 

final cloud top and bottom altitudes  in the  ('.X array  in units ol  meters, 

and INT means :,the integral part of . . .   . ' 

The parameters used to describe each wafer at any time are the 

altitude and radius of its top,   the altitude and radius of its base,   its 

particle size,   and the mass of its fallout content. 

To describe how subroutine RSXP computes the particles aloft dis- 

tributions,   let us consider the computations for a single particle size 

class,   and keep in mind that the calculations are repeated for all of the 

remaining particle  size classes.     The calculations begin at the initial 

time with a wafer configuration as illustrated by Figure 2. 1.    In these 

calculations the central particle diameter for the size class is not used; 

instead the size class boundary particle diameters are used,   with the 

heaviest particle assigned to the bottom of each wafer and the lightest 

particle assigned to each wafer top.     Thus,   the waf( r tops and bottoms 

are processed in pairs throughout the portion of the calculations that 

pass the CX array. 

Beginning at the initial time,   the calculations proceed in time through 

the CX array so that at each new time unique cloud cap base altitudes, 

top altitudes,   and radii are defined.     At each time,   the still air gravity 

settling rate is computed for each wafer top or bottom,   and this velocity 

component is subtracted from its  rise velocity,   which is computed as 

described in the next section,   so that each wafer top or bottom has a non- 

zero vertical  velocity component relative to the cloud cap center. 

When a wafer top or bottom falls through the base of the cloud cap, 

its radius is taken as the radius of the cloud cap at the time of its fallout, 

and its  radius is kept at this value henceforth. 

If it is found that both the top and bottom of a wafer are still within the 
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cloud rap at stabil!Kation time,   then both have   raflii rqual to the final 

cloud cap radius,   and the volume of the wafer is taken to be the volume 

of a right circular cylinder of height equal to tlie difference between the 

altitudes of wafer top and bottom.    However,   if it is found that the bottom 

or top,   or both,   of a water is below the cloud at stabilization time,   then, 

to account for the difference in radii between the wafer top anti bottom  re- 

quires some additional complexity in the calculations and requires  further 

subdivision of the wafer.     To take this  variation of radius  with altitude into 

consideration,   the following scheme is employed: 

The space between the top and bottom of the wafer is subdivided into 

n volumes 
/ 

n = INT (2. m 

where  R     and R      are the  radii of the top and bottom of the wafer,   respec- 

tively,   as shown in  Figure 2. 2.     The  range of n is constrained to lie be- 

tween 2 and  10.     The  radius,   R,   at any altitude  x. between z_, and z    ,   the 

respective altitudes of the wafer top and bottom,   is computed by the geo- 

metric interpolation formula 

R  - R B 
j   RT^ 

ZT" 7B 

R 
B 

(2. 17) 

Each of the n small volumes is assumed to have the same vertical thick- 

ness.    It is also assumed that each contains the same amount of particu- 

late mass.    Given the above assumptions,   it can be shown that the volume 

of the ith subvolume is given by 
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Figure 2. Z.    Partitioning in th«' Vortical of a Stem Wafer 
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and that the altitude of the renter of mass,   /-        ,   of the ith  subvolume  is 
cm 

given by 

ZT-ZB 

'Cmi       JB      2/     /RT\ ^ -Cn 
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The radius of each  subvolume is t^"?r. LdKen la be the radius at the altitude 

of its center of mass.    In the Cloud Rise Module output each subdivision 

is assigned the geometric mean particle diameter for its particle size 

class. 

Wafer Velocity Calculation 

The velocity of a wafer top or bottom is the difference between the 

still air particle settling speed and an upward speed to be described below. 
2.4 The settling speed is computed from Davies' equations,"'     which  require 

particle diameter,   particle density,   lluid density,   and fluid viscosity (see 

DASA-1800-1V).   For in-cloud settling,   cloud gas density is taken from the CX 
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array and viscosity is calculated from the cloud Li'mperaturc (also taken from the 

CX array) by the Sutherland equation (equation {1. I *>)).    For bf;low-cloud 

settling,   temperature and viscosity are taken from the tabulated atmo- 

sphere according to the wafer altitude. 

The upward velocity component,   u   ,   is calculated as follows: 

1.     In-cloud 

uB + U-zB) 
11T ' Uü 

^T "  ZB 

(2.20) 

2.     Below-cloud 

(2.21) 

uR and uT are cloud cap base ^nd top rates respectively,   zR and 7.^ are 

cloud cap base and top altitudes  respeciively,   z :s wafer top or bottom 

altitude,   and zr 7 is ground zero altitude.     Values for all cloud proper- 

ties are taken from the CX array for the appropriate time. 

Cloud Wafer Subdivision in the Horizontal 

As was discussed in connection with Figure 2. 1,   the cylindrical cloud, 

at the initial time,  is subdivided  in such a manner that it can be considered 

to be a stack of cylindrical discs,  or wafers as we have called them. 

Initially,   the cloud is assumed to have a uniform distribution of soil and 

each disc actually represents N separate wafers where N is the number 

of particle size classes.    At the end of the RSXP cloud rise calculations, 

these wafers are distributed between ground zero and the final cloud top 

height as a   result of their gravity settling,   and,   in general,   they will not 

all have the  same radii.    (See the discussions of cloud structure and wafer 

velocity calculation above. ) 

If these wafers are to be transported through the atmosphere down 
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wind of the burst location through a horizontally invariant wind field 

(e.g. ,   a wind field constructed from a single wL d hodograph),   the wafers, 

as described above,   are corrpletely adequate for input to the transport 

calculations.    On the other hand,   if the wind field has horizontal shear 

which is resolved at distances comparable to,   or smaller than,  the cloud 

diameter,   the distorting effect of this shear on the cloud cannot be 

accounted for by a computationally feasible process    unless the wafers 

are subdivided horizontally. 

To specify the amount of horizontal subdividing to be done,  if any, 

the user specifies an integer IRAD.    If IRAD = 0,   no horizontal subdividing 

is done,  and each cloud subdivision is defined in the output with the radius 

that is determined as described previously.    If IRAD > 0 then the cloud 

wafers and wafer subdivisions are subdivided in the horizontal so that each 

subdivision has a diameter,  BZ,  equal to 

BZ R /IRAD 
max 

(2.22) 

where R is the final (i. e. .  maxi- 
max 

mum) cloud radius.     The manner in 

which a wafer is partitioned into sub- 

divisions is illustrated for IRAD = 3 

for a wafer of maximum size in 

Figure 2. 3.    From the figure we see 

that specification of IRAD = 3 rebults 

in creation of 32 subdivisions    rom 

one large wafer.    For othe" values 

of IRAD we have : 

No .   of Subdivisions 
from a Wafer of 

IRAD Max.   Radius 

1 4 
2 12 
3 32 
4 52 
5 80 

-__   - V 

\ 

1 
' ■ 

1 

i 

\„ 

■"■•■ ^^^■* "   ■   '"   mm 

^\ 

Figure 2. 3.    Partitic .i of a 
Wafer in the Horizontal 
Plane for IRAD = 3. 
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As shown in the Figure,  the partitioning    is done as though each sub- 

division were to be square based; actually,   once the subdividing is 

accomplished,   each subdivision is treated as a circular based cylinder 

with radius BZ/2. 0. 

From observation of Figure 2. 3,  it is apparent that portions of fiomc 

subdivisions extend beyond the boundary of the original wafer.     There- 

fore,   a criterion must be set up by which the computer can decide in a 

particular case whether or not to define a boundary subdivision.    This 

must be a general criterion since wafer radii can possibly have any values 

between those of the initial and stabilized clouds.    The criterion by which 

a cloud subdivision on the wafer edge is defined,  or is not defined,  is that 

the distance of its center from the center of the wafer be equal to,  or 

less than,   the wafer radius.    In a case where the centers of all possible 

subdivisions fall outside the wafer edge,  a single subdivision is defined 

with its center coincident with the wafer center.    In this latter case,  the 

subdivision radius is taken to be the one already available instead of 

BZ/2. 0 (i. e. ,   it is treated as though IRAD  vere set to zero). 

If a wa.fer is partitioned into M subdivisions,  then each subdivision 

receives  1/Mth of the wafer's particle content.    The vertical dimensions 

of all   subdivisions of a particular wafer are taken as equal to the vertical 

dimension of that wafer. 

Fallout Parcel Descriptions in the Cloud Rise Module Output 

Subroutine RSXP writes the Cloud Rise Module output on storage unit 

IRJSE.    The data recorded on the unit  for each cloud subdivision are: 

1. x-coordinate of subdivision center 

2. y-coordinate of subdivision center 

3. Time relative to detonation 

4. Central particle diameter of the particle size class 

5. Mass of soil material in the subdivision 

6. Altitude of subdivision center of mass ajove msl 
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7. Radius of subdivision at its center of mass 

8. Vertical thickness of subdivision 

9. Altitude of the base of tr.e subdivision above msl 

10, Volume of subdivision 

All data are in mks units. 

It should be noted that for a stem wafer,   the volume of the subdivision 

is computed via equation (2. 18) which takes into account a curvature in the 

wall of the wafer (see Figure 2. 2).     Therefore the volume specified by 

item 10 above    will not be the same as the volume computed from the radius 

(item 7) and the vertical thickness (item 8) if the subdivision is assumed 

to be a right circular cylinder.    Moreover,   if a wafer has been subdivided 

in the horizontal,   the volume supplied by item 10 is simply the wafer 

volume divided by the number of horizontal subdivisions that are created. 

Again,  this will not correspond to the volume computed for a right circu- 

lar cylindrical shaped subdivision. 

PROGRAM DESCRIPTION 

GENERAL 

The Cloud Rise Module computer  program has been constructed in a 

highly modular fashion so that alterations to the program can be made with 

relative ease and efficiency.    The subroutine breakdown of the program 

can be considered at two hierarchical levels.    Subroutines in the upper 

echelon are the subroutines called by the  Cloud Rise Module executive pro- 

gram,  subroutine LINK?..    These subroutines are ICRD,   CRM,   and RSXP. 

In general,   the upper echelon programs call one or more additional sub- 

routines and these additional subroutines comprise the lower echelon of 

programs.    Table 2. 1 presents a complete list of the Cloud Rise Module 

subroutines with a brief description of the function of each.     Figure 2.4 

shows the calling sequence organization. 

In the sections to follow,   LINK2 and each of the upper echelon programs 

called by it will be dec bribed in detail.    Only a brief description of many of 
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the  lower  echelun  programs  will  be  given  because  their  functions  usually 

are  quite  narrow,   often  they  are  quite   short,    and  the  FORTRAN  listings 

provide  adequate  description.     One  subroutine,   ERROR,   is  described  in 

DASA-1800-VIII. 

Communication  between  the  Cloud  Rise  Module  and  other  DELFIC 

modules  is  accomplished  via  COMMON  and  peripherial  storage.     All  in- 

puts  from  the  Initial  Condition  Module  are   via  COMMON/SET   1/  (see   the 

LINK2  FORTRAN  listing)  and  communication  with  «"he  Cloud  Rise-Trans- 

port Interface  Module  is   via  both COMMON/SETI/and  a pheripherial 

storage  unit  (IRISE)  written by  subroutine  RSXP. 

SUBROUTINE  LINK2   (FC-2.1) 

LINK2  is  the  Cloud  Rise  Module  executive  program.      There  are  no 

major  loops  in the  program  and  for  each cloud   rise   calculation  there  is 

but  one  pass  through it.      This   simple program  needs  no  explanation  be- 

yond  that  supplied  by  flow   chart FC-2. 1. 

TABLE    .. 1 

SYNOPSIS OF   CLOUD  RISE  MODULE   SUBROUTINES 

Subroutine 
Called 

i            By Function 

FORTRAN 
Listing  On 

Page 

ATMR 

•( ' ' 

ICRD Reads  atmosphere  data  and  pre- 
pares  a  table  of atmospheric 
properties  as  a  function  of alti- 
tude. 

104 

CPFR CRM Computes   rate   of fallout  of  soil 
material during the  cloud  rise 
and  adjusts  the  in-cloud  particle- 
size -number-frequency   distri- 
bution  table  accordingly. 

109 

CPV CRM Initializes  for  the  CRM  calcu- 
lations. 

111 

CRM 
i 

LINK2 Cloud   rise  calculation   executive 
program. 

113 

V . ._ .._.. . 
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TABLE  2. 1   (Cont'd. ) 

SYNOPSIS OF  CLOUD  RISE  MODULE  SUBKOUTINES 

FORTRAN 
Called Listing  On 

Subroutine By Function Page 

CRMW CRM 
1 

Prints   the   results  of the  CRM 
calculations  in  the form  of  the 
CX  array. 

ny 

CXPN CRM Compiles   the  CX  array  and 
terminates   the  cloud  rise  via 
the  MCX  or  R   RATE   switch 
(see  pp.  48   ff. ). 

117 

DBG CRM Prints  the  CRM  debug  output 
if the  control  parameter 
KCLD  is   given  an  input value 
of   1. 

119 

DCSN CRM Changes   the  time  step  inter- 
val  (see  p.  47 )  and  termin- 
ates  the   cloud  rise  calculation 
via the   TEMP,   ZLMT,  or 
R. LT. 1  switch  (see pp.  48 ff. ). 

121 

DERIV RKGILL Calculates   time  derivatives  for 
the  variable  cloud properties 
that are   simulated  by the 
Cloud  Rise  Module. 

123 

ICRD LINK2 Reads  input  data  for  the  Cloud 
Ride  Module  calculation 3. 

127 

LINK2 Cloud Rise   Module  executive 
program. 

98 

PAM LINKZ Particle   activity  dummy  sub- 
routine. 

RKGILL CRM Performs  numerical   inte- 
gration  of  the  cloud   rise 
differential  equation?. 

130 

RSTR CRM Provides   temporary  storage 
for  cloud parameters. 

132 

RSXP LINKZ Computes  particle  inputs  for 
the  Cloud  Rise-Transport 
Interface  Module. 

134 

TRPL General  utility table look-up 
and  interpolation  program. 

142 
j 

-61 



AF9COM 

Q 
Pi 
u 
t—t A

T
M

R
 

^ 
2 
u 

2 

fe 
u 

z 
u 
Q 

Ü 
CQ 
Q 

J 

| 
J 
M 

Ö 
> 
2 

U « s § 

a 
h 
& 
U 

pci 
H 
w 
rt 

> 
'-i IX 

u 

3 
13 
a 

0) 
to 

■r- 

K 

0 

u 
u 

45 

0 
•f-i 
+J 
n) 
N 

a 
a) 

u 
O 
U 
u 
a 
v 
cr 
0) 

M 
c 

u 
a 

•iH 
•M 

o 
u 

x> 
3 

u 

00 

-62- 



AF5COM 

KfcAD (I OKI) HISi. MODI'! I   INPUTS FROM  1'HE 
SYSTEM INPUT TAPE  AND PRINT 

HEADER AND INPI' F DA I A 

./" 
PERFORM CIOL'D RISE SIMULATION CALCULATIONS 
ANP COMI'II 1-    rHK CI OUD RISI    HIS TORY ARRA'l   CX 

KIND THE  TIME AT WHICH 
THE AVERAGE CLOUD TEMPERATURE 
REACHED THE SOU. SOI IDIS'ICA TION 

TEMPERATURE BY  1 INEAR 
INTERPOI ATION IN THE CX ARRAY 

PRINT THE SOU   SOLIDIFICATION 
I IMF 

CAl I   RSXP <h 

/ 
PREPARE  PAR Tin E  INI L'TS FOR   THE 
n oun RISE- fRANSPOR T IN TEBFACE 

MODI' E      WRITE  THF C I OUD RISE 
MODUI 1- BINARY Ol'TPU r  TAPE IR1SE 

(      RETURN      J 

FC-i.l.    Subroutine   I.INK2 
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SUBROUTINE ICRD (no flow chart) 

Subroutine ICRD reads all of the Cloud Rise Module card input data; it 

prints the header for the Cloud Rise Module,  and it prints the input data. 

Except for the data received from COMMON/SET 1/,  all inputs are from 

the operating system input tape. 

One subroutine,  ATMR (FC-2.2),  is called which reads the atmo- 

sphere input data.    It is designed to provide the utmost in flexibility of 

input.     The Cloud Rise Module requires that the tables range from -1000 

through 50, 000 m (ab jve mean sea level) in increments of 200 m.    There 

are 256 altitude levels in the tables.    The Cloud Rise Module requires 

tables of the following atmospheric properties: altitude (m above msl), 
•3 

temperature {   K), pressure (nib),   density (kg/m   ),   relative humidity (%), 

and viscosity (kg/(m-sec)).    Acceleration of gravity (m/sec   ) and molecu- 

lar mean free path of air (m) also are included in these tables.    Only 

density and viscosity are transmitted to the Cloud Rise-TrLnsport Interface 

Module. 

The only restrictions on the input data are that: (1) altitude,  tempera- 

ture,   relative humidity,  and either pressure or density must be specified 

in the input for each input altitude level; (2) the altitude levels should lie 

between -1000 and 50,000 m; (3) the data for each altitude level must be 

read in together in a sequence and according to a format common to all 

levels; and (4) the altitude levels must be input in order of increasing 

altitude.     The data input format is specified by an object-time FORMAT. 

A card with ten scale-transformation parameters ig  read so that the data 

can be provided in any units that happen to be convenient.    Ordering of 

data within altitude levels is arbitrary and is specified by a data sequence 

card. 

Of the eight quantities required,   only the four essential quantities listed 

above must be supplied by input,  but any or all of the other quantities can 

be supplied also.    Those not supplied in the input are specified by the 

program.   Viscosity,  Tj (kg/(n -sec)),   is computed by Sutherland's equation 
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145. 8 x 10'8T3/Z 

110. 4 + T 
(2.23) 

mean free path,   M(m),   is computed from the expression 
2. 5 

M = 2. 33259 x 10'7 T/P     , (2.24) 

where T is temperature in degrees Kelvin and P is pressure in milli- 

bars,  the acceleration of gravity is assigned a constant value of 9. 8 
2 

m/sec   ,  and pressure or density is calculated by the expressions 

p    /a67 9p r i PWHR| i - |f i/100 (2.25) 

or 

P =[P - PWHR   [1 - || J/IOO] / (2.867 9 T) 

where PW(  the saturation vapor pressure of water,   is 

(2.26) 

(2.27) 

P is total pressure;  p,   density; T,  temperature; and H    ,   relative 

humidity.    Units for these quantities ar^.   as specilied previously. 

The input is unrestricted with regard to altitude levels and inter- 

vals between levels except for the restrictions already mentioned.     If 

the input data do not begin at -1000 m altitude,   the program provides 

data for this level and,   then,   checks to find whether the first input 

entry is for a level le^s than,  or equal to,   y.ero meters altitude.    If not, 

data for zero meter i altitude also is provided.     Finally,  if the last in- 

put entry is for an altitude level below 50,000 m,  data for 50, 000 m alti- 

tude is added by the program.    The added data are taken from the AR DC 

Model Atmosphere tables (reference 2.5).    Entries for all other altitudes 
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FC -2. 2. (Cont' d.) Subroutine A TMH 
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are determined by linear interpolation from the composite input and 

Model Atmosphere tables. 

If an input table is encountered with 256 entries,  the program checks 

(after scaling) to determine whether the first and last entries are at 

-1000 and 50, 000 m.    If they are not,   an error indication is printed and 

the run is terminated,    if the table boundaries are satisfactory,  the pro- 

gram then checks to determine whether the altitude entries are at inter- 

vals of 200 m.    If they are not,  table entries are deternüned by interpola- 

tion as for other tables.    For all tables,  each altitude entry is checked as 

it is read to determine if it is for a level above that of the previous entry. 

If not,  an error indication is printed and the run is terminated.    Peripheral 

storage unit IRISE is used for temporary storage if the input data deck 

must be expanded.    Additional details are presented in the User Information 

section. 

SUBROUTINE CRM (FC-2. 3) 

Subroutine CRM is the executive program for performing the cloud 

rise simulations according to the mathematical models described in Part 

1.    On entrance from LINK2,  the program initializes via a call to sub- 

routine CPV,    In CPV,   initial values of certain computation control para- 

meters are set and initial values of various parameters used in computing 

the differential equations an- computed.    After initialization,   CRM prints 

the fraction of the total explosion energy yield in the cloud at the beginning 

of the cloud rise. 

The calculation then enters the iterative portion of the program where 

the cloud rise and expansion are computed by numerical integration of the 

basic differential equations over successive small time steps.    Computa- 

tion flow is shown in PC-2. 3 which,  in conjunction with the discussion of 

control parameters below,  provides an ample description of the program. 

Routing through the program is rather complex and is determined by 

a number of control par?meters.    These are N,  MWYA and KCLD.    Their 

functions arc ^s follows: 
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r IM HAI I/.t 
SK r N      MW\ A 

COMPUTE THE IK-CJ.OUD WATER VAPOn  PRESSURE,   PW, 
AND THE IN-CLOUD SATURATION WATER VA ,'OR PRESSURE,   ES 

I, 3 

G)s~~—^ IF MINUS.   WA TER 
VAI'OR  MUST BE 

CONDENSEn 

COMPUTE FAI I :   FROM THE 
CLOUD DURING TH:       IME INTERVAL 
AND AD.IUST THE PARTICLE NUMBER 

DENSITY IN EACH SI7.E CLASS 
ACCORDINGLY 

(a) 

FC-2.3.  Subroutine CRM 
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RESTORE ri Ol'I) PROPER TIES 
PO  rHEIR VA1 UES BEFORE 

IHK I AST KNTRANCE TO 
KKCUl 1       SET N       i. 

-^> ^     CALL RSTR    y 

6 
PLACE CLOUD VOLUME 

IN TEMPORARY 
STORAGE 

RKGILL PERFORMS THE 
NUMERICAL INTEGRATIONS 

OF THE CLOUD DIFFERENTIAL 
EQUATIONS.   DERIV COMPUTES 

VAL'JES FOR THE CLOUD 
DIFFERENPLAL EQUATIONS. 

—1> ^CALL RKGILL, 
(DERIV) 

ADJUST PARTICLE NUMBER 
DENSITY IN EACH SIZE CLASS 

TO ACCOUNT FOR CLOUD 
VOLUME EXPANSION 

INCREMENT 
TIME 

COMPUTE RADIUS 
FOR AN OBLATE 

SPERIODAL 
CLOUD 

(b) 

I 

\ 

I 

FC-2, 3. (Cont'd. ) Subroutine CRM 
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r WRIVE CRM DEBUG 
PRINTOUT AT SELECTED TiME 

INTERVALS 

INTERPOLATE THE TEMP.   ZLMT. 
AND R L f. I SHUT-OFF SWITCHES (SET 

MWYA = 3 FOR SIMULA HON TERMINATION! 
CHANGE THE TIME STEP IF NECESSARY 

RESET N TO 2 OR   I IF NECESSARY 

MAKE ENTRIES IN THE CLOUD RISE 
HISTORY  TABLES CX AT SELECTED 

INTERVALS.   INTERROGATE THE MCX 
AND R RATE SHUT-OI- r SWITCHES 
(SET MWYA = 3 FOR SIMUj-ATION 

TERMINATION) 

PRINT 1HE CLOUD RISE 
HISTORY TABLE CX 

PLACE CURRENT 
CLOUD PROPERTIES 

IN TEMPORARY 
STORAGE  

(C) 

FC-Z. 3. (Cont'd.) Subroutine CRM 
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N -    This parc'Ticter determines whether the "wet" or "dry" 

mode is to LK- used in calculating the differential equations 

(see Fart 1) in subroutine DERIV.    N is given an ir "tial J 

value of 1 in CPV     On a normal pass through the iterative * 

portion of CRM,   control passes through subroutine RSTR, 

where current values of cloud properties are placed in 

temporary storage,  and on to RKGILL,  which calls DERIV 

(in which the derivatives are calculated),  and then per- 

forms the integrations.    In DERIV,   the "dry" equations 

are calculated when N is 1 or 3,  and the "wet" equations ( 

are calculated when N = 2.    In CRM after exit from RKGILL, 

the water vapor pressure in the cloud,  PW,  and the satu- ' 

ration vapor pressure of water at the cloud temperature, • 

ES,  are calculated.    If N = 1,  PW is checked against ES ^ 

(if N is 2 or 3,  this check is bypassed) and if PW is found « 

to be less than,  or equal to,  ES,  N is left unchanged 

everywhere and computation follows normal routing.    If 

PW is greater than ES,  a special entrance is made to RSTR 

in which the cloud property values are restored to their I 

values before the last entrance to RKGILL and N is set to 

3.    On exit from RSTR, control is immediately transferred j 

back to RKGILL where the differential equation calcula- • 

tions and integrations again are computed using the "dry" 

equations.    When N has a value of 2 or 3,  the computations 

of PW and ES in CRM are carried out as before,  but the 
» 

test of PW against ES is bypassed and by means of the 
4 

normal routing procedure control eventually passes to sub- 

routine DCSN.    In DCSn whenever the conditions N = 3 

and PW > ES are encounve? -d,  N is set to 2,    Control then 
follows normal routing back to RSTR for storage of current 

cloud properties and then into RKGILL.    Now,  however, 

since N = 2,   subroutine  DERIV calculates the "wet" differ- 

ential equations.    In CRM new values for PW and ES are 
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computed and control passes on to DCSN.    Now,  with 

N = 2.  DCSN checks PW against ES and if PW < ES,  N is 

set back to 1.    Otherwise,  it is left alone and computation 

with the "wet" equations continues, 

MWYA - An initial value of 1 is assigned to MWYA in CPV.     This 

value is used to signal the first pass through subroutine 

CXPN,  which on the first pass initializes for the construction 

of the cloud rise history tables,   CX,    and for the R RATE 

shutoff switch (see p, 49  ).    After this initialization,   CXPN 

sets MWYA to Z and this value is maintained until one of 

the six cloud rise shutoff switches (in subroutines CXPN, 

DCSN,  and CPFR) is thrown.    Then MWYA is given the 

value 3, and this value causes the cloud rise calculations to 

terminate via transfer  to subroutine CRMW which prints '.he 

CX tables, 

KCLD - This is the  CRM debug printout control parameter.    An in- 

put value of 0 for KCLD causes the CRM debug printouts to 

be bypassed.    An input value of 1  results in transfer of con- 

trol to subroutine D3G on each pass through the iterative 

portion of CRM.    Subroutine DBG prints out extensive tables 

of intermediate cloud properties at selected intervals during 

the cloud rise calculations.    Also printed (in DCSN) are 

comments to indicate when the calculations switch to "wet ' 

or to "dry" (see discussion of control parameter N above). 

SUBROUTINE RSXP (FC-2, 4) 

Subroutine RSXP prepares particle inputs for use by the Cloud Rise- 

Transport Interface Module,    The methods and geometric constructs used 

by this program are discussed in considerable detail beginning en p, 51 

and the reader should study those discussions before he attempts to under- 

stand the operation of the computer program. 

The program begins with an initialization that computes initial altitudes for 
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COMPUTE INITIAL ALTITUDES 
OF WAFERS AND IN-CLOVD 

AND BELOW.CLOUD LIFT 
FACTORS 

1 
WRITE THE FIRST PART 

OF BINARY OUTPUT 
TAPE IRISE 

COMPUTE THE AREA OF THE BOTTOM OF THE 
LARGEST WAFERS,   AREAMX.   COMPUTE THE 

EDGE OF THE BASIC SQUARE BASED WAFER 
SUBDIVISION,   37..    COMPUTE A TABLE 

OF AIR VISCOSITIES THAT 
CORRESPOND TO THE CLOUD TEMPERATURES 

IN THE CX TABLES. 

SELECT THE NEXT (OR FIRST) PARTICLE SIZE CLASS Begin Outer Loop 

(a) 

FC-2.4.    Subroutine RSXP 
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0 
SEI.t'CT THE NEXT (OH FIBSTI Cl Olli) 

WAFER  TOP OH  »OTTOM 
hr^in   MlrlHlc   I nop 

SET MUT 
TO SKiNIFY A WAFEH  TOI»,   MBT    I 

TO SIGNIFY A WAFER I.OTTOM.   MBT   ! 

1 

SET INITIAI   V \l IK IN 
ARRAY HI'S! 

ni'si'd, MM n    IIMK 
UHHTU, MBT)     Al n rtlDE 

PHSII (. MB1 (-MAXIMUM f I OIUXAI'R AllM'S 
l)HSI'(4. MIU'l     PAHIICIK   DIAMETEH 

KBASK      I 
I MASK       I 

^ 

1C-2.4.   (Cont'd. ) Subroutine RSXP 

• 75. 



AF500M 

COMPUTE 1N-CLOUD l'ARTICI.E RISE VE1 OCITY 
AND SETTLING VE1 OCITY 

COMPUTE ZNXT,  THE WAFER ALTITUDE 
AT THE NEXT C\   IABLE ENTRY  FROM THE 

NET PA "TIES VELOCITY AND THE CX 
TAIM E   TIME ENTRY 

V ES ,, - IS 
THE WAFER AT 

OR BELOW 

<— »EC.IN  INNER   I OOI 

^ 
THE PARTICLE IS   I 

INSIDE THE CLOUD I 

NO 

INCREMENT THE T'-.VE COORDINATE.   DPSTl 1, MRTI.  BY 
THE CX TABLE T:ME INCREMENT.  STORE THE 
CURRENT WAFEH ALTITUDE. DPST(2   MBT). IN 
X.LST AND THEN STT DPST(2. MBTI TO ZNXT 

(C) 

FC-2.4.    (Cont'd. ) Subroutine RSXP 
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{ THE I'AliTK I K 
IS BELOW 

THE CLOUD 

T 
0 

^   KI'ASf 

1. 

9 
 i  

KII ASK      I 
DECREMEN I-  I'lll, 
CX ARRAY INDKX 

1  

V: 
I. 

^OBV —t 

0 
.1 

roMi'HT .. t»El ow-ci OMD 

KisE ^^';■» SETTI IN«; 
vr.i onriKs 

ADII'ST   IHK WAKKM   riMK 
(OOIUÜNATK   I(>   IHK   IIMK 

Ol    IM|'A(   I   O'.i   IHK riROUNI 
■\MI si: I  IHK Al i'i ri'OE 
Ol    IHK W MKK  AT (.,/ 

Ai 11 ri'DE 
  SI   1   Ml ASK      .'.. 

I- INI)   IHK   riME INT'HVAI    I KOM   IHK 
I AST CX   lAIIIKKMin    III   PHK TIME OK 

IV ' ! OUT OF   IHK WAKKR 

T 
 E  

ADJUST nit; WAI in HAOH'S 
ANO AI   riTUDE Tf)   IMF  \ M I'KS 

AIMMIOPHIA n   I'D I HI 
TIME OF KAI I OUT 

I 

J 

-[<"     i HA si 

■0 

f-; : (Cont'd. ) Subroutine RSXP 
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(e) 

FC-^.4.    (Conf d. ) Subroutine RSXP 
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/244g 1 

SET UP PARAMETERS 
FOR VERTJCAL 

WAFER SUBDIVISION 

 2  
SUBDIVIDE WAFFUR 

AND SET UP THE 
PPST ARRAY 

IP ■■ 0 

(wyo— 

IP = IP t 1 

SET UP THE 
DFST ARRAY 

FROM THE PPST 
ARRAY  FOR THE 

CURRENT   IP 

NO 

-Ws44aJ 

(f) 

FC-2. 4.  (Cont d. ) Subvcutine RSXP 
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i 

WRITE THE BLOCK COUNT \ 
OF THE GDPSD AHRAY ON 
TAPE IRISE FOLLOWED BY 

THE BI OCK OF GDPSD DATA / 

(g) 

FC-2.4.    (ContH. ) Subroutine RSXF 
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YES 

0 

LOAD THE FINAL BLOCK OF GDPSD 
DATA ON TAPE IRISE.   W««ITE A 

TERMINAL 7.ERO BLOCK COUNT ON 
IRISE      END FILE IRISE 

(h) 

FC-2.4,  (Cont'd. ) Subroutine RSXP 
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the cloud subdivisions (wafers^.,   array DPSTZ,  and the so-called in-cloud 

and below-cloud lift factors,   array DPX,  for each time entry in the CX 

tables.     These lift factors are respectively (uy - Up,)/(zrp - z,,) and Ur>/ 

(zR -  /.r7),  as defined in equations (2.20) and (2.21).     The program 

sections the cloud into KDI wafers for each size class,  where KDI is an 

inttger input to subroutine ICRD.    If KDI has not been specified,   it is 

given a value as specified on p.   52 .    Also the initialization includes: 

write-out of the header on the Cloud Rise Module output peripherial 

storage unit IRISE,   computation of BZ (see equation (2. 22)),   and compu- 

tation of in-cloud air viscosities for each time in the CX table via 

Sutherland's equation (equation (2.23)). 

The main calculations in the program are contained in three nested 

loops that iterate over the following quantities: 

Loop 

outer 

middle 

inner 

Iterative Quantity 

particle size classes 

cloud wafers 

the cloud history array CX. 

The outer loop simply passes through the particle size class table. 

At the beginning of the middle loop,  a parameter MBT is computed to have 

a value of 1 or 2 depending on whether a wafer top or oottom (respectively) 

is being considered.    Next,  the  DPST array,   Ä'hich is for intermediate 

storage of fallout parcel properties,   is initialized in preparation for enter- 

ing the inner loop. 

Inside the inner loop,  the cloud rise history array,   CX,   is passed 

and at each entry the net vertical motion of the particle is computed and 

the altitude of the wafer top or bottom is adjusted accordingly.    If the wafer 

top or bottom falls through the bottom of the cloud,   its  radius is set equal 

to the cloud cap radius at the time of its fallout.    The motion of all wafers 

is computed for the full time covered by the CX tables with the exception 

that if a wafer top or bottom reaches ground zr.ro, the calculation is termin- 

ated for that wafer part at that tune. 
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The inner loop exits back into the middle loop where the wafer is sub- 

divided further if required.    If a wafer top and bottom pair are founo to 

have equal radii,  no further subdividing is done in the vertical and control 

passes to the portion of the code that loads the GDPST array in prepara- 

tion for the output.    If a wafer top and bottom pair are found to have differ- 

ent radii,  then the wafer is subdivided further in the vertical as described 

on pp.  52 ff.   An array PPST is used to »tore the basic wafer data for all 

vertical subdivisions.    Then array DPST is filled from the PPST array for 

each vertical wafer subdivision in its turn,  as control is alternated between 

this portion of the code and the portion that loads the GDPST array. 

At the end of the middle loop is the code that loads the GDPST array. 

This is the fallout parcel data array from which the output is taken.    If 

the input parameter IRAD is zero,  no subdividing of wafers in the horizon- 

tal plane is requested.    In this case,  the parcel data are loaded directly 

into theGDPST array.    If IRAD > 0,  a test is made to determine if tlie 

wafer radius is less than the diagonal of a square of edge BZ/2.     If the 

test is affirmative,   no horizontal subdividing is done and the GDPST array 

is loaded.    If the test is negative,  a computation is done to determine the 

number of horizontal subdivisions that are to be made.    Using this number, 

the wafer mass and volume are apportioned equally among the subdivisions. 

Next,  the subdividing is done and the GDPST array is loaded with the parrel 

data.     Details of the horizontal wafer subdividing are discussed beginning on 

p.   56 ,     Whenever the array GDPST is filled,   it is written on the binary 

output unit IRISE preceded by the count of parcels in the data block. 

When all wafers for a particle size class art* treated,  the middle loop 

exits to the outer loop for incrementation of the size class counter; when 

all size classes are treated,   a zero block count is written on unit IRISE 

followed by an end-of-file,  am  then control is returned to subronune LINK2. 

USER INFORMATION 

GENERAL 

The  DELFIC system of computer codes has been written to op., rate on 

-83- 



the  UNIVAC   1108  computer  under control of either  the EXEC-2 or 

EXEC-8  Monitor  Systems.  It also is operational on the IBM 360/75 computer. 

INPUT  DESCRIPTION 

Input to the  Cloud  Rise   Module  is  of two  categories: 

1. Inputs from  LINK1,   the Initial Conditions Module 
(DASA-1800-11  and  its   revisions),   and  M4,   the 
DELFIC  system  executive program (DASA-1800- 
VII and its   revisions),   via COMMON/SETl/. 

2. Card inputs  via  the   operating system input unit. 

COMMON/SETl/Inputs 

COMMON/SETl/ is  defined in the  LINK2  FORTRAN  listing (see 

p. 102). Each of the quantities in this  set,   is  described in Table 2.2. 

• 

TABLE  2.2 

CONTENTS OF THE CLOUD RISE MODULE COMMON/SETl/ 

Mnemonic 
and 

Dimension Description Units Source 
f 

CAY Coefficient  of  the  frequency function 
for the power law particle size fre- 
quency distribution. 

LINKl! 
1 

1 

DETID(12) Hollerith identification of the  initial 
conditions  calculation. 

LINK1 

DIAM(?.01) Upper  boundary  of  each particle   size 
class.     The  last   entry  in  the  DIAM 
array  is  the  lower  boundary  of  the 
last  (smallest)  particle  size  class. 
The  length  of  the  DIAM array  is  al- 
ways  one  greater  than the  number 
of  size  classes. 

Micro- 
meters 

LINK1 

DMEAN Median  diameter  of a lognormal 
particle   size   distribution. 

* 

Micro-          LINK1 
meters        1 

DNS Fallout particle  density.                                 : gm/cm          LINK1 

I 
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TABLE l. 2 (Cont'd.) 

CON'I'ENTS OF THE C:LOITD RISE MODUJ.~ COMMON/Sl!;T 1/ 

!Mnemonic 
and 

Dimenaion 

EXPO 

De ac ription 

Exponent of the frequency function 
for th• power Jaw particle •izc fre­
qu•ncy diatrlbution. 

1 
I 

I 

---
Units Sour<~(· 

LINKl 

FMASS(ZOO) Fractions of total particle ma sa in l.INKI 

t-l-D_l_S_T_R---f'-P-a-r-tl_c_l_f'_•_i_z_e_d_i_a;r7bution type ------1·--------tf
1

.-U-N_K_l_ - · 

apecification indtut: 

the particle size daaaea. 

1
' 1. lognormal I 

7. . pow•r law 

!EXEC 

3. arbitrary tabular I 

An index used by the Tran11pue·t Muclt~l•· 
(DASA-1800-IV) to control ruutinK by 
the DELr·'IC ayatem executive pro~ra111 
M4 during tranaport. 

' 

---------- -- - --·---------------~ 
IRISE Lop.ical nmnlrer of the Cloud Rille M4 

Modulr bin¥ ry output unit. 

----------~~----~------------------------------- -------· ----------~ JSJN Loaical number of th• upea 1·atinf( M 4 
syfttrm input unit. 

·-----------+-------·--------------------------·--~~---------------------~ 
.ISOU1' Loaical nuenbt~ t· uf the uperatin~ M4 

11yatem nutput unit. • 
---~~---------·-------- t------+-----
Ntxi'fR 

PS(ZOO) 

so 

Number of cntr;etl l11 tl•f' partic· lt> Ai,e• - LiNK I 
maaa frequent:y array FMA&;. 

-· ~- -·- ·- - -- ·- ·- -·--- -· - --- ·-·-- r-- - --·-··· ··- ·-·---·- -
P1trticle ehf' rla"s • nta·l\1 flRdid~ Mrol e rs LINK I 
diametera. 
- -· ·-------·. ·- -·-
Geoaneta-ic •ta,•dart.l df'' iation, :-:, .,f 
llw lugnl•TIIIill parli.-lc· -.•i , c· ol1 , ,,; 

hutiou. 

-----····-· -- ·--- -·-- ·-
riifllNHl il'll ·· ',JhlK I 
l• ·r; "' 

---- ~- - ·----+- ---·- --- --·--· ·- · - -·--· --.. -~- - ·- .... .... - -r--------..l 
SSAM Mass nf c·•_md(•IIRt•d phaK.-J "'"'"''•·ial kil"l!f''""'; J .f.NJ•: I , 

l~: t~c ·l~~~~ initiltl ti~~~· · ---·- - --- --- -----~ 
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TABLE 2.2 (Cont'd.) 

CONTENTS OF THE CLOUD RISE MODULE COMMON/SET 1/ 

Mnemonic 
|                and 
|          Dimension Description Units 

 ] 

Source     ! 

TME Time relative to burst time of the 
initial conditions specification. 

seconds LINK1 

|   TMP1 Average temperature of gaseous 
matter in the cloud at the initial 
time. 

degrees 
Kelvin 

LINK1     1 

1   TMP2 Average temperature of condensed 
phase material in the cloud at the 
initial time. 

degrees 
Kelvin 

LINK1      | 

|   PHI. T2M Fraction of available energy used to 
heat air. 

ICRD        I 

|   USOIL Soil Class Indicator: 

1. siliceous 
2. calcareous 

LINK 1      I 

!   VPR Mass of vaporized soil material in 
the cloud at the initial time. 

kilograms LINK1      | 

1   W 
Total energy yield of the explosion, Vilotons 

equivalent 
of TNT 

LINK1      ! 

1 HEIGHT Height of burst above ground zero. meters 
i 
LINK1      1 

1    ZSCL Scaled height of burst relative to 
ground zero. 

ft/(kT)1/3-4 

i 

LINK 1      1 

NHODO Number of entries in wind data table. , LINK 1      | 

|    ZV(200) Altitudes of center planes of the wind 
strata. 

meters LINK1      1 

1   VX(200) X-components of wind velocities in 
the wind strata. 

m/tec             i 
i 

LINK1      ! 
1 

VY(200) Y-components of wind velocities in 
the wind strata. 

1                         1 
m/sec 

i 
LINK1      j 

I 
I 
I 
I 

I 

I 
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Card inputs 

The card input to the Cloud Rise Module is read by subroutine ICRD 

and ATMR.    Data other than the control parameters and the atmosphere 

data need no explanation in addition to that provided in Table 2. 3.    The 

control and atmosphere data,  on the other hand,  are given special atten- 

tion   below. 

Control Data: 

KDI 

IRAD    - 

KCLD   - 

KRX 

IPAM    - 

This is the number of wafer subdivisions for each 
particle size class (see Figure 2, 2).    It has no upper 
limit.    If its input value is zero,   it is calculated in 
subroutine RSXP (see p. 51 ). 

This is the wafer radius division factor to be used in 
subdividing the cloud wafers in the horizontal plane. 
(See Figure 2. 3, ).    It has no upper limit.'    If its in- 
put value is zero,  the cloud is not subdivided hori- 
zontally. 

This controls the CRM debug printout.    If the debug 
printout is  requested,  a detailed printing of cloud 
and particle properties is executed at intervals 
during the CRM calculations (see the discussion of 
outputs below). 

0 debug printout is not requested 
1 debug printout is requested 

This controls the RSXP debug printouts.    The HSXP 
debug printout describiis each "wafer" (see p. 51-55) 
output by the RSXP calculations (see the discussion 
of outputs below). 

0 debug printout is n  t requested 
1 debug printout is      quested 

This parameter controls entrance to, or bypass of, 
subroutine PAM. In this version of DELFIC, PAM 
is a dummy subroutine and IPAM is always zero. 

* 
Careful attention should be given to this parameter.     A large value can 

cause a very large amount of transport computei  time to b»-  required.   Since 
almost always winds vary only gradually in Ihr horizontal,  and since rarely 
are there sufficient wind data available to provide fine  resolution of the 
horizontal winds,  then it is unlikely thai use of a large value of IRAD can 
be justified. 
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TABLE 2. 3 

A SUMMARY OF CARD INPUTS TO THE CLOUD RISE MODULE 

Card 
Number Contents 

Variable Names 
and FORMAT 

1 Cloud Rise Run ick          _ativ DNID(J)(12A6) 

2 Control indices: 
KDI - number of wafers per 

size class 
IRAD - wafer subdivision factor 

KCLD - CRivf debug print control 
0 do not print 
1 print 

KRX - RSXP debug prim 
control 

0 di     a«, pruit 
i print 

IP AM - always given a value of 

KDI, IRAD, 
KCLD, KRX, IP AM, KATM 
(614) 

zero 
KATM - atmosphere printout 

control 
0 do not print 
1 print. 

3 Elevation of ground zero (m above 
msl). 

ZBRSTZ(E12. 5) 

4 Soil solidification temperature (   K) SLDTMP(E12. 5) 

5 Fission yield (kT) FW(E12.5) 

6 Fraction of energy available in the 
cloud used to heat air (including 
ambient water vapor).    The remain- 
der is used to heat liquid water. 

PHI(E12. 5) 

7 Atmosphere identification. ATID(J)(12A6) 

8 FORMAT for atmosphere data cards. FMT(J)(12A6) 

9.10 Atmosphere data scale-transforma- 
tion parameters. 

SCALE(J)(7F10. 5/3F10. 5) 

11 Atmosphere data sequencing indices. Nl,  N2, N3,  N4,  N5, N6, 
N7,  N8 (814) 

12 Number of altitude levels in the in- 
put atmosphere tables. 

NPVA(I4) 

13 Atmosphere data cards in sequence 
of increasing altitude (see Table 
2.4). 

ALT(J), ATP(J),PRS(J), 
RH7(J), RLH(J),ETA(J), 
GRV(J),SLM(J), J=l, 
NPVA(FMT(I),I^1, 12) 
(see card 8) 
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KATM   -       This controls printout of the atmosphere data table. 
If the output is requested,   the quantities,  as labeled 
and described in Table ^.4,  are printed for all Z')h 
altitude intervals. 

0 atmosphere data table is not requested 
1 atmosphere data table is^ requested 

Atmosphere Data 

Subroutine ATMR has been written to provide the utmost in flexibility 

regarding input of tables of atmospheric properties.     The few restrictions 

on the form and format of presentation of the data to the program are dis- 

cussed in the description of program ATMR (p. 64 ).     To provide this flexi- 

bility it is necessary to require a set of additional inputs that are some- 

what complex.    The user is cautioned to employ unusual care in the prepar- 

ation of these inputs and to study carefully the tables of atmospheric prop- 

erties printed out by subroutine ICRD to ensure that the quantities displayed 

are precisely as required by the Cloud Rise Module calculations.    The 

additi.m?! inputs referred to above are: 

1.    An object-time FORMAT for use in reading the 
atmosphere data cards. 

i,    A list of terms and factors to be used to trans- 
form the input data to the proper units. 

3. A list of sequencing numbers that tells the pro- 
gram the order in which specific data quantities 
are punched across the input cards. 

Object-time FORMAT specificatio i is a standard FORTRAN function and 

the user should refer to his FORTRAN coding manual for details. 

Tlu* lists of adjustment factors and sequencing numbers are closel/ 

related.     Mrst we discuss the sequencing minbors.     As roted in Table 2. 3 

(card 11),  there are eight sequencing numbers punched on a card according 

to FORMAT (814).    Each oi the H fields always is associated with a parli- 

cular one of the eight atmospheric properties  required by the program; 

this af>so<-iation is given in Table  2.4.     The numbers punched in these fields 
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TABLE 2.4 

CORRESPONDENCE OF SEQUENCE CARD FIELDS 
WITH ATMOSPHERIC DATA 

Card Units Required 
Field Column Datum by the 

Number Numbers Mnemonic Datum Quantity Calculations 

1 1-   4 ALT altitude above msl m 

2 5-   8 ATP temperature CK 

3 9-12 PRS pressure :r.b 

4 13-16 RHZ density kg/m 

5 17-20 RLH relative humidity % 

6 21-24 ETA viscosity kg/(m-sec) 

7 25-28 GRV acceleration of gravity /        2 
m/sec 

8 29-32 SLM mean free path 
 r-4 

m 

range in value from 1 through 8,     For a particular field,   for example,  the 

density field,  the number punched gives the actual read-in sequence number 

for density.     That is,  if a 3 is punched in the density field of the sequence 

card,  this specifies that density will occupy the third field from the left (as 

defined by the object-time FORMAT card) on the data input card.    Suppose 

our data input card has the following appearance; 

Column 
Number 

Numer- 
ical 
Content 

Data 
Speci- 
fied 

Units 

16 2H 

I 
10 2Z5. 171 

i 

Altitude      Temperature 

I 

km i K 

0. 414142^ 

Density 

g/m 

0. 35 

Fractional 

40 

Relative Humidity     i 
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A suitable FORMAT would be 

(F4.0,  lElZ.fe,  4F1. 1) 

A suitable sequencing card would be 

Column 
Number 

Sequence 
Number 

Datum 
Repre- 
sented 

A 

ALT ATP 

12 

PRS 

16 20 

RHZ RLH 

24 
-T 

i 

l 
6 
i 

I 

ETA   i    GRV 

28 

l 
i 
i 
7 

32 

SLM 

> Note that quantities not specified by input still must be provided for both in 

the FORMAT and on the sequence cards.    Thus,  such quantities are read in 

as zero which indicates that they are to be supplied by the program/ 

A« with the sequencing numbers,   the fields on the scale cards (two 

scale cards are input) always correspond to specific data quantities.    The 

numbers punched in the scale cards are used to transform the input data to 

the units specified in Table 2.4.    The transformations are pertormed an 

follows: 

ALT{I) = (ALT(I) 

ATP(I) = (ATP(I) 

PRS(I) = PRS(I) 

RHZ(I) = RHZ(I) 

RLH(I) = RLHCI) 

+ SCALE(l)) 

+ SCALE(Z)) 

* SCALE(5) 

* SCALE(6) 

* SCALE(7) 

SCALE(3) 

SCALE(4) 

The program must have altitude,  temperature,   relative hmnidity and 
either one of density or pressure.    Though not required,  any or all of 
the other quantities can be supplied,  in which case they are not calculated 
by the orogram. 
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ETA(I) = ETA(I) * SCALE(8) 

GRV(I) = GRV(I) * SCALE(9) 

SLM(I)   =   SLM(I)   *   SCALE(IO) 

SCALE array entries 3 through 10 are replaced with 1. 0 if they are read 

in as zero.    If no transformations are required,  blank cards can be used 

for the scale cards.    For the input data example shown on p. 90    the 

following scale cards would be required: 

Column 
Numbers 

Content 

( 

1Ü 20 

Card 1 

30 40 50 60 70 

1000. 

Card 7. 

blanl 

1.0-3    100. 

The atmosphere data cards must conform to the object-time FORMAT 

specified by the user and they must be ordered in sequence of increasing 

altitude.    The altitude increments between cards are arbitrary, however, 

and there are no restrictions o.i the specific altitudes supplied by input 

other than that they should lie in the range -1,000 to SO,000m relative to mean 

sea level.    The program automatically will build tables of 256 entries each 

of atmospheric propertie^ in the range of altitude from -1, 000 through 

50, 000 (relative to msl) i..t intervals of 200 m. 
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OUTPUT DESCRIPTION 

The output is of two kinds: (1) printed,  and (2) binary on a peripheral 

storage unit for use by subsequent modules. 

Printed Output 

The normal printed output is designed to be seh' explanatory and thus 

needs little description here.    It is dicplayed in a later section titled 

"Sample Problem and Printout. "   Notice that the atmosphere table headings 

use the FORTRAN mnemonics as described in Table 2. 4.     Units for the at- 

mosphere table quantities are as given in Table 2.4, 

CRM Debug Printout.    The debug outputs are completely labeled with 

their FORTRAN mnemonics.     The quantities printed are as follows: 

ST Tirr.e 

U cloud rise veiojity 

X Water vapor mixing ratio 

T cloud temperature 

R horizontal cloud radius 

Z cloud center altitude 

EK turbulent kinetic energy density 

V cloud volume 

WT total water mixing ratio 

TE ambient temperature 

JRM cloud mass 

ES saturation vapor pressure of water in the cloud 

P ambient pressure 

PW water vapor pressure in the cloud 

ED loss rate of eddy viscous kinetic energy 

RLH ambient relative humidity 

S condensed matter mixing ratio 

EPS kinetic energy density loss  rate 

RZT vertical cloud radius 

CMLR total (for all size classes) fallout loss  rate 
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Also printed are  statements indicating  switch-over from  dry-mode to wet- 

mode   and  vice   versa. 

RSXP Debug Printout.   This printout gives properties   of the cloud 

wafers  (see   Figure  2.1)  before   they  are  sectioned  in  the  horizontal 

plane.      The  printout column  headings  are  defined  as  follows: 

TIM time  (sec) 

ALT altitude  of wafer  center  of mass  (m  above  msl) 

RAD radius (m) 

DIAM particle  size  class  midrange  diameter  i^m) 

MASS total particulate  mass in the wafer (kg) 

DZ wafe:   thickness  (m) 

ZLOW wafer  bottom  altitude  (m  above  msl) 
3 

VOL wafer  volume  (m  ) 

MBT (always =1)  signifies that both wafer  top and 
bottom  have  been  processed 

IFLAG a parameter  that  signifies  whether  a  wafer is 
part of the  cloud  cap or  stem.     If it is  totally 
or  partially  in  the   stem,   further  vertically 
subdivided  wafers  are printed  out next. 

IFLAG  =   1     no  further  subdivision   required 

IFLAG   =  2     further  subdivision   required. 

Binary Output 

A  binary  output onto  a peripheral   storage  unit,   logical  designation 

IRISE,   is  written  in  subroutine  RSXP  to  communicate  data  to the  Cloud 

Rise  Transport  Interface   Module.      The  content of this  unit  is   described 

in  Table  2. 5.      Units  for  quantities   specified  are  rnks   except  where 

noted  otherwise.     Note  that unit IRISE  also is  used  in ATMR   for  tempo- 

rary   storage  in  case  the input atmospheric property tables must be  ex- 

panded  (see  p.   64 ff, ). 
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TABLE 2.5 

CONTENT OF CLOUD RISE MODULE 
BINARY OUTPUT 

i   ( 

Record 
1 

Number Content Variable Names 

1 Cloud Rise Module output tape iden- 
tifier symbol,   'RISE. 

DENT 

2 Fission yield (^T), cloud soil bur- FW, SSAM, SLDTMP, TMSD, 
den,  temperature of soil solidifi- SD, W, HEIGHT, BZ, RED, 
cation,  time of soil solidification, iRAD,CX(5>MCX)f 

geometric standard deviation of the ZBRSTZ 
(log-normal) particle-diameter 
volume-frequency distributior. 
total yield (kT),  height of burst 
above GZ,  base edge length of a 
basic cloud subdivision,  fallout 
particle density,   wafer horizontal 
subdivision factor, maximum cloud 
radius,   elevation of ground zero. 

3 Cloud Rise Module run identifica- 
tion. 

DNID(J),J = 1, 12 

4 Initial Conditions Module run iden- 
tification. 

DETID(J),J^1, 12 

5 Number of particle size classes. NDSTR 

6 Tables of central particle diam- PS(J),FMASS(J), DIAM(J), 
eter,  volume (mass) fraction. J = l, NDSTR 
upper boundary diameter (^m), 
for the particle size classes. 

7 Number of vertical wafer subdi- 
visions per particle size class. 

KDPST 

8 Number of altitude levels in the 
atmosphere tables. 

NPVA (---256) 

9 Atmosphere altitude,   viscosity ALT(J)(ETA(J), RHZ(J)I 
and density tables. J^1,NPVA 

10 Number of time entries in the 
cloud rice history tables,  CX. 

MCX 

11 Tables of cloud bottom height, top CX(3.J),CX(4,J),CX(1, J) 
height,   time,   bottom velocity, and CX(6,J),CX(7,J),J = 1I 
top velocity. MCX 

12 Number of entries in wind data 
table. 

NHODO 

13 Wind stratum center altitude, ZV(J), VX(J),VY(J), J=l, 
x-component of wind velocity, NHODO 
y-C'-Mponeni. of wind velocity. 
(Th      record is omitted if NHODO 

i 

= 0) 
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TABLE 2. 5 (Cont'd.) 

CONTENT OF CLOUD RISE MODULE 
BINARY OUTPUT 

Record 
Number Content Variable Names 

14 Block count of cloud subdivisions . LODD 

15 Block of cloud subdivision proper- 
ties-   x and y coordinates of center 
of mass relative to ground zero, 
time  relative to detonation, central 
particle diameter,   mass of fallout, 
altitude of center of mass above 
mil,   cloud subdivision radius at 
the center of mau^,   «Joud subdivision 
thickness,   altitude of the subdivision 
bottom above msl,   volume of the 
subdivision. 

GDPST{I, J), 
1=  1.10, 
J» l,LODD 

16 Block count . LODD 

17 Block of cloud subdivision properties. GDPST(I, J), 
I = 1, 10, 
J = 1,   LODD 

N Zero block count to signal end of tape. LODD = 0 
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FORTRAN  LISTINGS 

The  FORTRAN listings  are  included  on pp.  98   through   142.     Note 

that the  glossary   of  mnemonics   for  all programs  is  at  the  beginning  of 

subroutine  LINK2  (p. ')8 ff. ). 

LIST OF  FORTRAN  LISTINGS ' 
l!       ■ 

Page I 

LINK2 98 

ATMR 104 

||       | CPFR J09 \ 

CPV m I 

CRM 113 

CRMW 115 

CXPN 116 

DBG i,8 

DCSN 120 

DERIV uz 

ICRD 126 

RKGILL 129 

RSTR Hi 

RSXP J33 

TRPL MI 
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SUBROUTINE LINK2 UNK2Q01 

ALT    - AHRAYI260t» ATMO&PHtKE ALTIlUOE IN METERSIMSU COHHfcSPON0JN6UlNH200J 
TO ATPi ETAi GRVt PKSt KHZ. KLH» SLM LlHKiOO* 

AP     - ARRAY IS I• TEMPORARY STUKAÖE USED IN ATM« LINK200» 
AREAMX - MAXIMUM PROJECTED AREA ON THE OHOUNO BELOW STABILIZED CLOUD L1MK200* 
ATMH 

ATIO 

SUBROUTINEI READS IN TABLES UF ALT.ATP.tTAtPKS.KH.'iRLM»6RV. L1NK2007 
SLM 
ARRAY 112 Ii 72 ALPHANUMERIC CHARACTERS FOR 
ATMOSPHERE IDENTIFICATION 
ARRAYI260)» ATMOSPHERE TEMPERATURE (Kl MATCHES ALT 
MEDIAN DIAMETER OF THE LO&NORMAL PARTICLE SUE VS. lASS 
DISTRIBUTION 
DEPOSIT INCREMLNT LINEAR OIMENSIONICXIStMCX)/IRAOI 
PARAMETER USED' TO DETERMINE CLOUD VERTICAL RADIUS 
ARRAYI200li FALLIN6 SPEEDS OF PARTICLES IN THE CLOUD 
(M/SEC> 

CHANOE - CLOUD TIME AFTER WHICH STEP LEN6TH CHANCiES TO OST2 
CL     • LATENT HEAT OF VAPORUATION OF WATER 
CMLR   - CLOUD MASS LOSS RATE OF PARTICULATE FALLOUT 

- SPECIFIC HEAT OF AIR 
- SPECIFIC HEAT OF AIR INTb&RATED FROM TE TO T 
- SUBROUTINE« COMPUTES PARTICLE FALLOUT RATE DURINO CLOUD 

RISE CALCULATIONS 
- SUBROUTINE« COMPUTES INITIAL CRM VARIABLES 
- WEI6HTE0 AVERAGE SPECIFIC HEAT FOR AIR AND SOIL 
- SUBROUTINE« COMPUTES CLOUD RUE AND EXPANSION VARIABLES 
- SUBROUTINE« PRINTS CRM OUTPUT 
- A.:»RAYI10«90)« CLOUD DIMENSIONS VS. TIME 

ATP 
BARMU 

B2 
BO 
CO 

CP 
CPAI 
CPFR 

CPV 
CR 
CRM 
CRMW 
CX 

CXPN 
C2 

Cl 
c« 

DEK 
DENT 
OERIV 
OETIO 
OIAM 

ONID 
DNS 

DPST 

LINK200S 
l.INK20ü9 
L1NK2010 
LINK20U 
.INK2012 
.INK2013 
.INK.20U 
vINK20l5 
wlNK2016 
LINK2017 
LlNK20la 
LINK2019 
LINK2020 
LINK2021 
LINK202? 
I.INK2023 
LlHKiOiM 
LINK202S 
LINK202« 
LINK2027 
LlNK202t 
LINK202« 
LIMK20)0 
LINK2931 
LINK2032 
LINK2033 
L>NK2034 
L1NK203S 
LINK203S 
LINK2037 
LINK203« 
LINK2039 
L1NK20«0 
LINK20<»1 
LINK2042 

ll>J) - TIMEISEC) AFTER BURST 
I2««l - CLOUD TIME INTERVAL! ..EC) BEOINNINO AT CX(l.J) 
13.J) - CLOUD BASEIM) AT CXIi,.1' 
(4«JI " CLOUD TUPIM) AT CXll.JI 
l)«JI - '.LUUÜ RADIUSIMI AT CXll.Jl 
(6.J) - CwOUD BASE HATE IM/SECI DURING CXU.JI 
(7.J' - CLLUD TOP  RATE IM/SECI DURING CX(2«JI 
18.J) - CLOUX» RADIAL RATEIM/SEC) DURING CXI2«JI 
IV.J) - CLOUD TEMPERATURE (Kl AT CX(l.J) 
(iO.J) - IN-CLOUD GAS DENSITY IKG/M*«3) AT CX(l.J) 

- SUBROUTINE« TABULATES CX ARRAY 
- CONSTANT USED IN E9DY VISCOSITY MOMENTUM GENERATION 

(YIELD DEPENDENT) 
- CONSTANT USED IN COMPUTING TURBULENT ENERGY DISSIPATION RATELINK2043 
- CONSTANT USED IN COMPUTING AIR ENTRAINMENT RATE INTO CLOUD LINK20M» 

CAUSED BY WIND SHEAR L1NX20^» 
- DERIVATIVE OF EK LINK2046 
- DATA STATEMENT USED FOR IDENTIFICATION OF IRISE TAPE       L1NK2047 
- SUBROUTINE« EVALUATES DERIVATIVES OF CLOUD RISE VARIABLES   LINK20'>I 
- ARRAYI12I« 72 ALPHANUMERIC DETONATION IDENTIFICATION CARD  LINK20<»9 
- ARRAYI201I« UPPER BOUNDARY OF l-TM PARTICLE SUE CLASS« L1NK20S0 

THE LAST ENTRY |N THE ARRAY IS THE UOPEH BOUNDARY OF THE LINK2031 
LAST I SMALLEST I PARTICLE SUt CLASS« THE LENGTH OF THE DIAM LINK20S2 
ARRAY IS ALWAYS ONE GREATER THAN THE NUMBER OF SUE CLASSES«LINK2033 

- MRAYI12I« 72 ALPHANUMERIC RUN I0EMT IF KAT ION LINK20' ' 
- FALLOUT PA'tTICLE DENSITY IGM/CM«*3) LINK20i5 

IF NOT PUNCHED« DNS - 2.« L1NK2036 
• ARRAYI8«2i«  DEPOSIT INCREMENT VARIABLES COMPILED IN        LINK2097 
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SUBROUTINE   HSXP.   THb   SECOND   INDEX   Ig  NEEDED  ONLY   IN   THE   RSXPUNK.20*« 
CALCULATIONS   TO  DISTINbUlSH   THE   INCREMENT   TOP   FROM   THE LINK20S« 
INCREMENT   BOTTOM« LINK206O 
U.MHTI   -   TIME      (SECI   OF   ALTITUDE   STAB1LUATION  OH   6ROUNUlN(iLlNK2061 
(2fMBTi - ALTITUDE OF INCREMENT CENTER OF MASS IMETEFSI L1NK2062 
C.MdT) - INCREMENT RADIUS AT CENTER OF MASS (METERS) LlNK.2063 
U.MUT) - MEAN PARTICLE DIAMETER  (MICROMETERS) LINK2064 
(b-MBT) - INCREMENT MASS (KOM.I LINK2065 
(6tMBT) - INCREMENT VERTICAL THICKNESS (METERS) LINK2066 
(TiMBT) - ALTITUDE OF INCREMENT BOTTOM (METERS) LlNK29«7 
(BiMBT) - INCREMENT VOLUME  (CUBIC METERS) LlNK206a 

OPSTK  - NUMBER OF DEPOSIT INCREMENTS PER PARTICLE SUE CLASS LINK2069 
OPX    - ARRAY(2i90)» DEPOSIT INCREMENT RISE AND EXPANSION VARIABLE LINK2070 

U)J) - LIFT RATE FACTOR ABOVE CLOUD BASE U/SEC) LINK2071 
(2iJI - LIFT '(ATE FACTOR BELOW CLOUD BASE (1/SEC) LINK2072 

>HM    - OFRIVATIVE OF KM LINK2073 
Di     - DERIVATIVE OF S LlNK207<i 
OST    - INTEGRATION TIME STEP LINK207» 
O&TO   - INITIAL INTEGRATION TIME STEP LINK2076 
DST1   - INTERMEDIATE INTEGRATION TIMt SUP LINK2077 
OST2   - FINAL VALUE OF INTEGRATION TIME STEP LlNK207t 
OT    - DERIVATIVE OF T LINK207« 
DU    - DERIVATIVE OF U LINK20I0 
OVBL   - ARRAY(8). USED TO TRANSMIT VARIABLE DERIVATIVES LINK20I1 
OWT   - DERIVATIVE OF WT LlNK20«2 
DX    - DERIVATIVE OF X LlNK20a3 
02     - DERIVATIVE OF L LlNK20a4 
ED     - EDDY VISCOSITY LOSS RATE OF KINETIC ENERGY OF RISE LINK20t5 
EK     - TURBULENT KINETIC ENERGY DENSITY wlNK20U 
EPS    - KINETIC ENERGY LOSS RATE LINK2067 
ERROR  - SUBROUTINE* FUR GENERAL UTILITY INDICATION LINK20M 
ES     - SATURATION PRESSURE OF WATER VAPOR (INVALID FOR TEMPERATURE LINK2089 

ABOVE BOILING POINT OF WATER) LINK2090 
ETA    - ARHAYU60). ATMOSPHERIC DYNAMIC VISCOSITY (-CUtFF. OF VISC•)LINK2091 

(KGM/(M-SEC)) MATCHES ALT ARRAY LINK2092 
EXTM   - IN SUBROUTINE RSXPi TIME INCREMENT BETWEEN WAFER HISTORY LINK2093 

DESCRIPTION POINTS L1NK209« 
F      - FRACTION OF W IN FIREBALL AT START OF RISE LINK209S 
FMASS  - ARRAYI200)iPARTlCLE SUE CLASS FRACTION OF TOTAL MASS LlFTEDLINK2096 
FMT    - OBJECT TIME FORMAT USED TO READ ATMOSPHERE TABLES LINK2097 
FROG   - CONSTANT USED IN COMPUTING PARTICLE FALL KATES LlNK209a 
FW     - FISSION YIELD IN ..ILOTONS L1NK2099 
GOPST  - ARHAYliu.lUU)i DEPOSIT INCREMENT VARIABLES (OUTPUT OF RSXP) L1NK2100 

(ItJ) - DEPOSIT INCREMENT X COORDINATE (METERS) LINK21üi 
(2iJI - DEPOSIT INCREMENT Y COORDINATE (METERS) i.lNK2i02 
(3>J), - TIME COORDINATE (SEC) LINK2103 
CITJ) - PARTICLE DIAMETER (METERS) LINK2104 
(S(J) - DEPOSIT INCREMENT MASS (KGM) LINK210

K 

/ COORDINATE OF INCREMENT CENTER OF MASS (METERS) LINK21ü6 
INCREMENT RADIUS AT CENTER OF MASS (METERS) LINK2107 
INCREMENT VERTICAL THICKNESS (METERS) LINK2108 

(9<JI - ALTITUDE OF INCREMENI BOTTOM (METERS) LINK2109 
(IOTJ) - INCREMENT VOLUME (CUBIC METERS) LINK2U0 

GRV   - ARRAYI260II ACCELERATION DUE TO GRAVITY(CM/SEC«*2) LLNK2NI 
HEIGHT - HEIGHT OF BURST (METERS) ABOVE GROUND 2EH0 LLNK2N2 
HLR   - RELATIVE HUMIDITY AT ALTITUDE OF CLOUD CENTER LINK2113 
HOB  - HEIGHT(FT) OF BURST ABOVE GROUND ZERO UBRSUI LINK211<» 

IS(J) 
I7|J) 
(8«J) 
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ICHO 
IDISIH 

IEXEC 
IP AM 

l HAU 
1RI&E 

JÖASE 

KATM 

KBASC 

KCLO 

KCX 
KOI 

KOIP 

KOPST 
KHA 

KSV 

toco 

MBT 

MCA 
MWYA 

N 
NDSTR 
NHOOO 
NNM 
NPVA 

P 
PHI 
PPST 

- SUBROUTINE» KtAOS LINK2 INPUT CARDS LlNKJUS 
- PARTiCLt DISTHIBUTION CONTROL PARAMETER (SET IN LINK1I LINK211* 

1 - LOÖNOHMAL DISTRIBUTION LINK2117 
2 - POWER LAW DISTRIBUTION LINK211B 
3 - TABULAR INPUT DISTRIBUTION LINK2119 

- CONTROL INTEGER FOR CALLING PROGRAM LINKS 1.1 'K212Q 
- CONTROL INTECtEK FOR PAM OPTION LINK2121 

0 - NO PAM CALL LINK2122 
1 - CALL PAM LINK212) 

- NUMBER OF CLOUD WAFER RADIUS SUBDIVISIONS «SEE BZ) LINR2124 
- LOGICAL DESIGNATION FOR TAPE USED FOK TEMPORY STORAGE IN LINK212B 

ATMR AND FOR RSXP OUTPUT L1NK212« 
- COMPUTED GO TO INDEX USED IN SUBROUTINE RSXP LINK2127 

1 - CONTINUE DPST TRAJECTORY COMPUTATION LINK2128 
2 - DPST TRAJECTORY COMPUTATION COMPLETE LINK2129 

- ATMOSPHERE PRINTOUT SWITCH LINK21IO 
0 - NO ATMOSPHERE PRINTOUT LINK21J1 
1 - ATMOSPHERE PRINTOUT LINK2192 

- COMPUTED GO TO INDEX USED IN SUBROUTINE RSXP LINK2139 
1 - ADJUST DPST RADIUS AND ACTIVITY FOR LEAVING CLOUD L1NK2194 
2 - ADJUSTMENT OF 1 HAS BEEN MADE LINK219S 

- CONTROL INDEX FOR CKM DEBUG PRINTOUT» LINK213* 
0 - NO OESUG PRINT OUT LINK2137 
1 - DEBUG PRINT OUT LINK213S 

- NUMBER OF DPST RISE AND EXPANSION INTERVALS LtNK2139 
- NUMBER OF DEPOSIT INCREMENT PER PSC LINK2140 

IF NOT PUNCHED» IT IS COMPUTED BY PROGRAM LINK21*! 
(SEE RSXP» LINK2142 

- IN SUBROUTINE RSXP» NUMBER OF SUBDIVISIONS OF A WAFER WHOSE L1NK210 
TOP AND BOTTOM RADII ARE NOT EQUAL LINK214* 

- SEE OPSTK LINK2U» 
- CONTROL INDEX FOR RSXP DEBUG PRINTOUT LINK214« 

0 - NO DEBUG PRINTOUT LINK2X47 
1 - DEBUG PRINTOUT LlNK2l*a 

- INDEX WHICH DETERMINES FUNCTION OF SUBROUTINE RSTR LINK214« 
1 - PRESERVE VARIABLES AT START OF TIME STEP LINK2190 
2 - RESTORE VARIABLES TO THOSE AT START OF TIME STEP LINK21S1 

- LENGTH OF PARTICLE DESCRIPTION DATA BLOCK (60PST ARRAY IN LINK2192 
RSXP) LINK2153 

- IN SUBROUTINE RSXP» DISTINGUISHES A WAFER TOP FROM A WAFER LINK2194 
BOTTOM LINK2199 
MBT-1 SPECIFIES A WAFER Tv)P LINK219» 
MBT>2 SPECIFIES A WAFER BOTTOM LINK2197 

- NUMBEh OF TIME POINTS tROWS) OF CX AHC'.Y LINK219B 
- 1» INITIA;. ENTHY INTO CXPN LINK219« 

2, REGULAR ENTRY LINK2160 
3« FINAL ENTRY LINK2161 

- CLOUD MODE SWITCH LINK2162 
- NUMBER OF ENTRIES IN PARTICLE SUE CLASS TABLE LINK2U9 
- NUMBER OF ENTRIES IN THE WIND HbPOGRAPH TABLE LINK2164» 
SPARE LlNK216ft 
- NUMBER OF ELEME.. S IN ALT AND CORRESPONDING ARRAYS LlNK2i«6 

LIMITS OF NPVA ■ 1»2*0 LINK2167 
THE MNEMONIC NPVA IS CHANGED TO NAT IN LINK «. LlNK2i«B 

- ATMOSPHERIC PRESSURE AT CLC.D CENTER ALTITUDE L1NK2169 
- FRACTION OF F«W USED TO HEAT AIR LINK2170 
- ARRAYia»10l» TEMPORARY STORAGE OF DEPOSIT INCREMENT LINK2171 
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PRS 
PS 
PSUfc 
PM 
Q 

ÜI 
ux 

OXE 

R 
HA 
RAÜ1U& 
RFD 
RHZ 

RK&lLL 

RL 

RLH 
RM 
RMAO 
HM1N 

RMWO 
RSTR 
RSXP 

R2T 
S 
SCALE 
SO 

SLDTMP 
SUM 

SMALLT 
SOILHT 
SSAM 
S2RO 
T 
TE 
IME 
TMP1 
TMP2 

TMSO 
TRPL 

TSRD 
TSTM 
U 

VAKJABLtS IN WSXP FÜK «AFtH SUBDIVISIONS LINK2172 
• AHHAYU60I AIMUSPMtHIC PNESSÜKt I MB I  MATCMtS ALT LlNKil73 
• ARKAY(200li HAHTlCLt SUt CLASS MIOPUINT ülAMtftK (METERS) LlNK217<» 
■ PARTICLE SUE CLASS Ml UPOINT (MICKOMEUKSI USED IN SUÜN. CPFK LtNK217S 
• PARTIAL PHESSUHE OF «ATEH VAPOK IN TME CLüUÜ LlN^2l76 
• CONVERSION FACTOR FUK FKACTiON MASS TO NUMBER OF PARTICLES LINK2177 

PER M»«i LINI12176 
■ VIRTUAL MASi. FACTOR TERM IN CLOUD EUUATION OF MOTION LlNK.2179 
• FACTOR CONVERTS CLUUO TEMPEKATUHE TO VIRTUAL CLOUO LINII;21«0 

TEMPERATURE LINK2181 
INVERSE Of FACTOR Tu CONVERT AMBIENT TEMPbRATURE TO LlNK21«2 
VIRTUAL AMBlEr.T TLMPERATuRE LINK2183 
CLOUD HORUO.NTAL KAUiUS LINH.^104 
CAS DENSITY OF CLOUO LlNK<:18& 
DEPOSIT INCREMENT RAUlUS USED IN SUBROUTINE RSXP LINK2186 
DENSITY OK EXTRA MATERIAL IN CLOUOIMKSI IEOUALS ONS«10O0.) i.lNIC2i87 
ARRAY1260I ATMOSPHtRE AIR DENSITY (HOM/M««3/ MATCHES ALT, LINK2188 
THE MNEMONIC RHZ IS CHANGED TO RHO IN LINK <«• LINK2189 
SUBROUTINE! USES RUNbE-ICUTTA METHOD TO INTEGRATE LINK2190 
DIFFERENTIAL EUUATIONS UF CLOUD LINK2191 
(SEE CRM) LlN^2i92 
EMPIRICAL CONSTANT USED TO CALCULATE ENTRAINMENT RATE AND LlNK,2193 
CLOUD VERTICAL RADIUS LINK219« 
ARRAY(260I ATMOSPHERE RELATIVE HUMIDITY MATCHES ALT LINK219& 
CLOUO MASS LIMC2196 
INITIAL AIR MnSS OF CLOUD LINK2197 
MINIMUM PARTULE RADIUS (MICROMETERS IN LlNKl CONVERTED TO LlNK219e 
METERS IN SUUIU CPV FOR USE THROUUHOUT LINK2I LINK2199 
INITIAL MATER MASS OF CLOUD LtNK2200 
SUBROUTINE WHICH PRESERVES AND/OR RESTORES CRM VARIABLES LINK.2201 

SUBROUI'INEI RISE AND EXPANSION MODEL MHICH COMPUTES LINK.2202 
DEPOSr INCREMENT POSITIONS THROUGHOUT CLOUD RISE HISTORY LINK2203 
VERTICAL CLOUO RADIUS LINK2204 
CONObNSED SOIL MlXlNb RATIO LINIC2205 
ARRAYUOI • ATMOSPHERE TABLE ADJUSTMENT FACTORS LINK2206 
PARTICLE SUE dEOMETRIC STANDARD DEVIATION SUPPLIED BY LINK1LINK2207 
(OIMENSIONLESSI• IF NOT PUNCHEDi SO • '»•0 LINK2208 
APPLICABLE ONLY FOR THE LObNURMAL DISTRIBUTION LINK2209 
PARTICLE SOLIDIFICATION TEMPERATURE (Kl LINK22I0 
ARRAY(260) ATMOSPHEKt MEAN FREE PATH OF AIR MOLLCULES(MI LINK2211 
MATCHES ALT LINK2212 
T»ME AFTER START OF COMPUTATION LINK2213 
LATENT HEAT OF VAPORUATION OF CLOUO SOIL CONSTITUENT LINK221'. 
TOTAL SOIL MASS I K,0 I LlNKJil» 
S AT INIT'AL TIME LINK,2216 
CLOUD TEMPERATURE iK) LINK2217 
ATMOSPHERIC TEMPERATURE AT CLOUD CENTER ALTITUDE LINK22I8 
INITIAL TIME (SEC) SUPPLIED BY LlMM LINK2219 
INITIAL VAPOR TEMPLHATURE (Xi SUPPLIED BY LlNF.l LINX2220 
INITIAL TtMPERATURE OF CONDENSED PHASE MATERIAL IN CLOUD L1NX2221 
SUPPLIED BY LlNKKNUT USED) LINK2222 
TIME OF PARTICLE SOLIDIFICATION (SECI WITHIN CLOUD LINX2223 
SUBRÜUTINL. USES LINEAR INTERPOLATION TO COMPUTE VARIABLE LINK222'» 
CORRESPONDINU TJ AROUMENT LINK222S 
R-RATE CLOUD RISt TERMINATION SWITCH PAMAMtTER LINX2226 
TIMb AT WHICH NEXT CX ARRAY LNTNIES ARE TO BE MADE LINX2227 
CLOUD VERTICAL VELOCITY LINK2228 
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USOIL      -   SOIL    TYPbi    1.0   ■   blLlttÜUi. 
2.Ü   ■   (.ALCANtOUS 

IF   NUT   PUNChtUi   OSülL   ■   1«0 
V - CLOUU VOLUMt 
VHL    - AKKAY(Ö). UUMMY VAHIAttLtS OF 1NTEbRATION(SUBS« OERIV«RK&ILCI 
VIS    - DYNAMIC VISCOSITY OF IN-CLOUO (jAS(K6M./H./StC«) (SUbK. CPFRI 
VPR    - MASS OF VAPOK (Kb) SOPPLUO bY LINK1 
VXU)  - ARRAY(200I« x-tüMPü.MLNl OF WIND VELOCITY AT MlNO NOOO&RAPH 

STRATUM I. (MbTEHS/SbCI 
VY(I)  - ARHAY(200I» Y-COMPONtNT OF WINO VELOCITY AT MIND HOOOORAPH 

STRATUM I« IMETEHS/SECI 
M      - TOTAL YIELD UTI 
MT     - SOLlU ANU L1UUI0 WATbK MlXlNO RATIO 
X      - »N-LLOUU WATER VAPOK MUINO RATIO 
-t     - AMBIENT AIR WATER VAPOR MUlNd HATIO 
Y - ARKAYUOOI»NUMBtR OF IN-CLOUO PARTICLES/UNIT VOLUME OF CLOUU 
I - CLOUD CENTER ALTIToUt (METERS) 
ZBFR   - MAXIMUM I   OF CUMENT OH PREVIOUS ENTRIES TABULATED BY CXPi. 
i»HSU - 2-COOrtDlNATE OF HÖHST UKOUND ZERO (METEKS ABOVE MSLl 
ZLMT   - UPPER LIXIT FOR CLOUU CENTER ALTITUDE TO PREVENT POSSIBLE 

COMPUTATIONAL RUNAWAY 
2V(I)  - ALTITUDE OF CENTER PLANE OF MIND >iODOäRAPh STRATUM 1 

(METERS ABOVE MSL) 
ZVSB   - IN SUBROUTINE RSXP« DISTANCE OF A MAFbR ABOVE CLOUD BASE 

COMMON /St 
1CAY 
2FMASS(200) 
3NDSTR 
«TMP2 
5ZSCL 
COMMON /CL 
1ALT(260). 
ZCX(10i90) 
)DRM 
*OT 
IEK 
6GRV(260) 
7KDI 
IN 
«01 
1RLH(260) 
ZSLM(Z60) 
1U 
4>Y(Z00) 

Ti/ 
• DETIUUZ) 
«1D1STR 
«PS(200) 
«T2M 
•NHOOO 
OUD/ 
.AlMUbOl 
• C2 
• OS 
• DU 
«EPS 
• HLR 
• KRX 
• NNN 
• R 
• RM 
• SMALLT 
«V 
• 2 

•DIAM(201) 
•IEAEC 
• SD 
•USOIL 
•ZV(2Ü0) 

•BO 
•Cl 
• ÜST 
•DMT 
• ES 
• HOB 
• KS 
• NPVA 
• RA 
• RZT 
• SZRO 
• VZRO 
• ZBFR 

•DMEAN 
•IRISE 
• SSAM 
• VPK 
•VXIZOO) 

• C(t(200) 
• C6 
• DSTO 
• DX 
•ETA(Z60I 
• 1PAM 
• KSV 
• P 
• RFD 
• S 
• T 
• NT 
•ZbRSTZ 

• DNS 
• 1S1N 
• THE 
• w 
•VY(ZOO) 

•CHANGE 
• DEK 
• OSTI 
• DZ 
• F 
• IRAD 
• MCX 
•PKS(Z60) 
•RHZI260) 
• SAVE 
• TE 
• X 
• ZLMT 

• EXPO 
• I SCUT 
• TMP1 
•HEIOHT 

• CMLR 
•DNI0(12) 
• 0ST2 
• ED 
• FW 
• KCLD 
• MWYA 
• PW 
• RL 
•SLOTMP 
• TMSD 
• XE 

C 
c 

c 
c 

DIMENSION CXTIM(9U)«CXTMP(90) 

HOB>HEI(>HT«J.2S08 3i3 

LINK2229 
LIN);2230 
LINK2231 
LINK2232 
LINK2233 
LINK223« 
LINK2235 
LINK223« 
LlN)C2237 
LINK2238 
LINX2239 
LINK2240 
LINK2241 
LINK2242 
LINK22A3 
L:NK22<»<> 
LINK224S 
LINK22«* 
LINK2247 
LlNK22<>>t 
LlNK22<t9 
L1NK22»0 
LlNK22»t 
L1NK22&2 
LINK22» 

»•LINK22S4 

.NK22S6 
LINK22»7 
LlNK225t 
LINK2299 
LINK2260 
•LINK2261 
•LINK22Ö2 
«LINK2263 
•LINK226« 
LINK226& 
LINK2266 
•LINK2267 
•LlNK226a 
•LINK2269 
«LINK2270 
•LiNK2271 
•LINK2272 
•L1NK2273 
• LINK2274» 
•LINK227» 
•L1NX2276 
•LINK2277 
•LINK2278 
LINK2279 
LlNK22iO 
L1NK2261 
LlNK22t2 
LiNK22a3 
LlNK22tA 
LINK22<» 
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c 
c 
c 

122 

iU 

60 
SO 

CALL ICRO 
RFO-lOOOtOUN* 
CALL CKM 

COMPUTE TIMfc OF PAKIICLt SOLiUlFUAI1ÜN 

DO 122 HA*1»HCX 
MB-MCX-MA^l 
CXTIM(MAI"CX(l,MB» 
CXTMP(MA)«C»l9tMBI 
CALL TKPL(SLüTMP»MCXtCMMiJ.(.XTlM»TM;»01 
WRITtlliOUl.blJ)IMbU 
FORMATl/SX.'TlMt   OF   iülu   SOLIüIFKATION 
lF(lPAMISO»bü«b3 
CALL  PAM 
CALL   KSXP 
RETURN 
END 

-   'tF«.*»«'   ätC I 

L1NK2286 
LINK2287 
l.INK.2288 
LlNK.22«9 
LINK2290 
LINK2291 
LINK2292 
L1NK2293 
LINK2294 
LINK229» 
LINK.2296 
L1NK2297 
L1NK2298 
LtNK2299 
L1NK2300 
L1NK.2301 
LINK2302 
LINK2303 
LlNlk230<> 
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~U~~ u TI ~ A T ~~ ATMH Oul 
C ATMM 002 
C PC VI !> E. MAY l'H ATMM 00) 
C ATMH 004 
C ATM6t 00~ 
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••ATMR 006 
C ATMk 007 
C ATMIC ICEA ~ IN ATM l-'r1E.iH T A iH.t.~ AT 008 
C ATM~ 009 
C ATM ~Pr1LICL T A·~~ ~L ~~A k Y- u IT A~L FOM Tr1t ~C A~l U ENT~JES ATM~ 010 
C ATMH 011 
C 1 A~T - ALf I Tu t. AltUV M!>~ CMETlRSI ATMM 012 
C 2 AT P - TL ~ t.ICA T UICl t t ~LL ~t.~vl,..l ATMR Oll 
C ) PiC~ - 1-' t. ulel Cl'lt;J ATMR 014> 
C _, Rr1.Z - L !.1 TY CJC.""'/M .. JI ATMH OU 
C t M~H- Ri. ~ATIVt. HUI'II t> ITV CPd~CC.NTI AT14R Oa 
C ~ iTA • v.SCO~ITY C~~M/CM·~lCII ATMR 017 
C 7 ~Hv- ACC ~t.MATI N OF ~RAviTf CM/SEC••2l ~TMR 018 
C I S~l'l • MU~t.CULAIC Mt.AN Fktl PATH CM) ATMR 019 
C ATI'IR 020 
C •••••••••••• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••ATMM 021 
C ATMR 022 

COMMON /SET 1/ ATMR 023 
lCAY t ET I C 1.11 oDIAMI .1011 oDME AN tONS tEXPO tATMR 021t 
2,MASSCi00ltiDISTk tl XEC tlklSE tiSJN tiSOUT tATMR 02S 
lNOSH< tPSC2001 tS D oSSAM oTME tTMP1 tATMR 026 
~tTMP2 tT 2M tUS I ovPR tW tHEI~HT tATMR 027 
SZSC~ ,,..._. D tlV CZ 01 t'IX 1 2001 t 'J YC~OOI ATMR 028 

COMMON /C~U~~/ ATMR 029 
1A~TI.2601 •Ah~ C.lbOI tt;O tC<.C2001 tCHANC.l tCM'-M tATMR OJO 
2CXC1 t901 • C2 t 3 t C6 tDEIC. t0NIIH12l tATMR 031 
30NM t DS t DST • ST tDST1 •DST2 tATMR OJ2 
-.or • Cu oD• T t DA. tDZ tED oA TMR Ol3 
HIC. t EP t ES tETAC2601 rF tf'W tATMR Ol4 
6GRVCl601 tH~R tr1 ~t; ti PAM tiRAO tiC.C~D tATMR 03~ 
71C.OI tiC. RX tiC. tiC.:OII tMCX tMiiiYA tATMit 036 
8N tNNN o N~IIA ,p tPRSC26 I tPill tATMR 037 
9 I t R oleA tRFD tRHZ C 260 I tR~ tATMR 0? _ 
1 ~HC2601 tRM ot<Z T •S tSAifE tS~DTMP tATMR 039 
2S~1'1Cl6 0 1 oSMA~ T tSL t<O oT tTl tTMSD tATM R OltO 
lU oV tlfl RO tWT tX tXE tATMR Oltl 
4YC2 ) o.£ tl 8f R tZ!HCSTZ t.ZL.MT ATMR 042 

1 1'1 £~ ION FMT i l81tSCAL.£ C1 u loATM~UBC81tATM!t<OC81tATMMAXC81tAPC81 ATMR 043 
c ATMR 044 
C •• • • • • •••••• •••••••••••••••••••••••••••~•••••••••••••••••••••••••••••ATMR 04S 
C ATMR 046 

01 0 FOkMATC I41 ATMR 047 
2 F, MAT C 814 I A TMR 048 
30 F RMA T( 12A61 ATMR 049 
-.o FOkMAT C7F o S/JFlO o ~ l ATM~ 0~0 

C ATMM 0~1 
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••ATMA 0~2 
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••ATMR 0~3 
C ATMR 0~4 

OATA P~O~~M/br1 ATM~ ATMA 0~~ 
OATA ATMSU~ ATMM OS6 

1 1- 1 ot l 9~ ob6oo l3~7E+1••18~06E-4tol1 39E~ • 9 oa • ATMR 0~7 
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c 

c 

2 eb0323E•7t77e/ 
DATA A TMl RO 

1 1 o . o . , ~ ~ .1~•·ll 2 ~ 0 l+ l ••l7 e 94E-4•·10133E 4• 9•8• 
2 ebb317E- 7 t 77e/ 

DATA ATMMA II 
l /~0000 eo 2 82ebb••l 8 l9 ~ + 1 ttl7b28E•4ttd78~8t9eb ? 42t 

2 o7~ 023E•4t CeO/ 

1<00•0 
N8RNCH•l 
WATCOR•Clt•l8·1 ~ 9el/l 00 e 

C READ 08JECT•TIMl F O~MAT 

c 
READCI~INt lOIFMT 

' C READ iCALt A~D ADJU~TMl~f FACT Ok ~ 

c 

c 

READCI~lNt4 0 l 5~ALE 
00 90 1•3tl0 
IFCiCALECil190 t9lt90 

91 ~AL.ECII•l• 
90 CONTINUE 

C READ ATMO~PHERE DATA SEYU f NCt INOICIES 
READCI~I ~ o201N1tN2t 3tN4tN tNbtN7tN8 

c 
C READ NUM~E~ OF ATMOSPHt RE TAbL l ENTRIES 
c 

RE ADCI~INt101 NPVA 

c 
C READ ATMOSPHEk TABL t tNTRit t S EUVE ~Cl AN D ADJUST THEM TO THE 
C PROPER UNI TSt AN D ~~tHUl E. APPkO"> I<IA H. COMPU Tt. THO S E. i:NTHI£ 5 NOT 
C PHOVIDEO lN TH E INPUTt ETAt RVo A~O SLM EEO NOT bE I NPUT• 
C EITHER Pk S OH RHl I BUT NOT bOTHl NtE D OT bl I NPUT 
c 

c 

00 100 l•ltNPVA 
READCISINtFMTlAP 
ALTCil • IAPINl l +SCA LEC lll•SCA LEI3l 
ATPI1l•CAP CN2 l +SCA LE C2 ll•SCAL EC4l 
PRSC ll•APCNll*SCA L EI ~ l 
RH2 Ci l •APIN4l* SCAL Cb l 
RLHCii •APCN~l*SCALE. C 7 l 
ETACil•APCNb l *SCALE CBl 
GRVCil•APCN7l*SCALEC9l 
SLMlll•AP CN 8 l *SCALE11 0 l 

C ARi SUCC ESS IV E TAb Ll NTk l S IN ORDE R OF I C k E A S IN~ AL TITUDE-
( 

IFCieE ell uO TO , 0 
IF CA LTCi l -ALTCI •lll 45 o4 5t,O 

4~ HHWR•-45 
PRINT 40t AL TI IloA Ti l• 
GO TO 130 

~0 IFCGRVCI le<OTe OeOl GO TO 70 
GRVIIl•9e8 

70 IF C ET ... C I l euT t Ot l CoC TO l :l 70 

ATMR C58 
ATMH 059 
ATMR OoO 
ATMk Ool 
ATMk 0 &2 
ATMk 06 3 
ATM R C. o4 
ATMH Oo~ 
ATMH Oob 
ATMR Oo7 
ATMk Oo8 
ATMk Oo9 
ATMk 070 
ATMk 011 
ATMk 072 
ATMk 0 73 
ATMk 074 
ATMR OH 
ATMR 076 
ATMR 077 
ATMR 078 
ATMR 079 
ATMR 080 
ATMk 081 
ATMH 082 
ATMH 0 83 
ATMR C84 
ATMR 08~ 

ATMR o•& 
ATMR 087 
ATMR 08':1 
ATMR 089 
ATMR 090 
ATMR 091 
A TMR 092 
AT.'"R 0 93 
ATMR 094 
ATMR 09~ 
ATMk 09o 
ATMR 0 97 
ATMR 098 
ATMR 099 
ATMR 100 
ATMR 101 
ATMR 100: 
A TMR 103 
ATMR 104 
ATMR 105 
ATM R 106 
ATM R 107 
ATM R 108 
ATMR 109 
ATMR 110 
ATMR 111 
ATMR 112 
ATMR 1ll 
ATMR 114 



E T A C I I " I o ; ill- b • I f' I I I • • I • :> /C l 1 0 o It+ AT P C I I I AT MR 11 ~ 
1070 IF IP f<"lll• l oJ. .Jl vU To /J ATMk 116 

IFC kHLCil o T. v . v l uu Tu 1L ATMR 117 
71 IRROR•-71 ATMR 11i 

GO TO 1JO ATMR 11Y 
72 ES• bol1*Cl7Jo / AT>-Ill 1 .. ; .1)• k:.IIPC.l5.•CATPCII-21Jo 1/ATPIIII ATMR 120 

p,.~dll• l. ol:l b7 9 • f< HL Cil • AT Ill +ES• kL. HIIl•WATCOH ATMk 121 
GO TO 6 ATMH 122 

7J IFIR11"l l •'- ' • V• l u I t> u ATMR 12 .1 
ES• boll• l~ /jo/Aif' l II 1 •• ~ • J • ~PI~5o*IATPIII-273o 1/ATPil II ATMR l21t 
RHllll• 11'1< Cll - t • r1. I • <~A I OIO/Ilo8b79•ATPIIII ATMk 125 

60 IFIS~MI l I o ToJ o I I ll 1.J ATMR l2b 
S.I.Mill•.loH .! l - 7•A T llltf'r< Ill ATMR 127 

100 CONTIN UE ATMR 128 
C ATMR 129 
C DET ERMINE IF THt TA~ L. MU dt lXPAN EO TO 256 t~THIES ATMR 130 
C ATMR 131 

110 IFINPIIA-.l56111t 0 olllol.l0 ATMR 1)2 
C ATMR 133 
C 111 THt IAitL.t.::. NOT ' U.O f.XP AN I ON• CHECK TO Ot:.TtkMINt:. IF Tr1E ATMR 134 
C TA8L.E HAllE. THE PkOP LH UO UN Rlt:. • ATMR llS 
C ATMR 136 

111 IFIAij IAL.Till+ l OOOolol. elol 0 T !13 ATMR 137 
112 IRHOR•-11.1 ATMR 138 

GO TO 130 ATMR 139 
11) IFIAij SC ALII.l 5bl-5o E1tl oL. o5Vol wO Tv 115 ATMR 140 
114 IRROR•-111t ATMR 141 

GO TO 130 ATMR 142 
C ATMR 14l 
C 115 THE TABI.t:. HA\It THE PROPeR U UNORit:.So C11lCK TO Ot:.Tt:.RMINE IF THE ATMR 144 
C AL.TITUO t JNTLHIIAL Akt:. A~ L 200 Mt:.Tt:.HSo ATMR i45 
C ATMR 14b 

115 00 1lb l•~t 2S 6 ATMR 147 
JFIABSIAL.TIII-ALTCI- 11 - £.1 oloGTo2ol GO TO 135 ATMR 148 

116 CONT INUE ATMR 149 
GO TO 270 ATMR 150 

120 IRHOk•-1 20 ATMR 151 
130 CALL ERHOHIPKUu~~tiHK Mt l 0 UT I ATMH 152 
1lt CONTINUE ATMR 153 

GO TO 111tOt1 371 tN8R NCH AT~R 154 
137 IRROR•-137 ATMR 155 

GO TO 130 ATMR 156 
C ATMR 157 
C 140 THE TA8Lt:.S Nt:. lO t:.XPAN I N H INT RIIA L AO~USTMENT ATMH 158 
C ATMR 159 

140 REWIND IRlSt:. ATMR 160 
C ATMR 161 
C 00 TH E TAitt. t:.S 81:. IN AT - 1000 METERS- ATMR 162 
C IF NOT MAK E AN ENTRY AI -1 000 METERS FROM THE AHOC STANOARO ATMOSoATMR 16~ 
C ATMR 164 

JFIABS IAL.Till+ l . ol • To lol GO TO 150 ATMH 165 
ALTI11•-1 00 • ATMR 166 
GO TO 2 0 ATMR 167 

150 ~RITEIIRIS El A I MSU B ATMk 168 
160 IGO• IG0+1 ATMR 169 

C ATMR 170 
C 00 T H~ TA~L~ HAVE A NIRY AT 0 METERS- ATMM 171 

1 or; 



C IF NOT MA~~ A~ lN T ~Y AT 0 M l T~~ F~OM THl A~UC ~TANOAkD ATMO~oATM~ 172 
C ATMk 173 

IFCALTCll oL Eo Oo UO l l uU TO iUO ATMH 17~ 
WHIT~CIRI~liATMLkO ATMk 175 
IGO•IuO+l ATMH 176 

C AlMk 177 
C STORl THt. INPUT TAtiL I:. 0 • TAPt. ATMk 1711 
C ATMk 179 

200 DO 210 1•1tNPYA ATMR 1~0 

210 WIUTECIIU~I:.lALTilloAT Pi llo ~r1l lllti:.TAlllt PI~Sl llo v i-< Vlllt~L.Mlllt ATMH lil 
1 RLHCII ATMR 18Z 

C ATMH 183 
C DO THf TAbLI:.S HAVE AN c;. NT~Y AT 500 0 Mt:. TlkS• AlMk 1114 
C IF NOT MA~ AN I:.NTHY AT 50000 MfTI:.KS FHUM T H~ A~DC STANDAkO ATMO~oATM~ 185 
C ATMH 1116 

IFCALTCNPVAI ouEo '>oE41 0 TU 220 ATMk 1117 
IFCABSCAL.TCNPVAl•5ol:.~loL I:. o'> O ol~O TO 220 ATMH 188 
WRITECIRISEIATMMAX ATMR 189 
NPVA•NPVA+1 ATMH 190 

C ATMR 191 
C INITIALIZE FO~ THl TAbLES EXPANSION ATMk 192 
C ATMH 19~ 

220 REWIND IRISE ATMk 19~ 
NPVA•NPVA+IGO ATMR 195 
IFCNPV,•256l2l 2 t22~ti2l ATMR 196 

221 JRHOR••721 ATMR 197 
GO TO 130 ATMR 198 

222 DAL.T•200o ATMH 199 
NPV•1 ATMR 200 
READCIRISEIALTI11tATPClloHHZI11oETAC1ltPRSiiltukVC l l9S LMillt ATMR 201 

1 RI.HI11 ATMR 202 
A1•ALTC11 ATMH ~03 
A2•ATPC11 ATMR 2 04 
A3•RHZC11 ATMH 205 
A4•ETAI11 ATMR 206 
AS•PRSC11 ATMR 207 
A6•6RVC11 ATM~ 2011 
A7•SLMC11 ATMR 209 
A8•kLHCll ATMR 210 

C ATMR 211 
C EXPAND THE TA8L t:.S TO 256 I:.NTkltS IN 200 METt.RS INT ER VA LS IN ATMR 212 
C ALTITUDE FROM -1 000 TO '>000 METERS BY LINI:. AH INT f RPOLATION ATMR 213 
C FROM TH E INPUT TABLES ATMk 214 
C ATMR £15 

DO 260 l•it 256 ATMR 216 
ALTIII•AL.TCI• ll +OAI.T ATMR 217 

225 IFCAloGEoALTIIII vO TO l5 ATMR 21i 
IFIAI.Tili•A1 oLi o o l v TO i 50 ATMR 219 
NPV•NPV+l ATMR 220 
IFCNPVA•NPV • ~ o O I GU TO 240 ATMR 221 

l30 IRROR•-230 ATMR 222 
GO TO 130 ATMH 223 

240 READCIRJSI:.IA1oA 2 oA l oA 4 oA 5 oA6oA 7 tA 8 ATMH 224 
GO TO 225 ATMR 225 

250 TERP• OAL.T /IA1 -ALTI I•1l i ATMH 226 
ATPI11•AT~II-1 1 +T ERP• IA 2 -ATPII-111 ATMR 227 
RHZIII•RHl CI - 11+TlkP•CA3-RHZ CI-111 ATMR 228 
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1 

^Ü 

HO 

tTAl 1 l-LTAI 1- 
MKS(Il'PNii1- 
OHVI1l»uHVI1- 
SLM(1l«bLM(1- 
RLM(J).KLMiI- 
tüNTlNUt 
NMVA-^t>6 

GO TU 111 
KLTuRN 
tNU 

♦ ruHH»(A.-L TA( 1- 
»ri.KP»(AS-H.vii( 1- 
»I;.KM»I A6-JKV 1 1- 
»I .HM»IA/-JL^I 1 - 
♦ILKM»IAH-K^H!1- 

ATMH 229 
f.JMH 2 3Ü 
ATMH 
ATMK 
ATMH 
ATMH 
ATMH 
ATMH 
ATMH 
ATMH 
ATMH 

] Os 



SUBHUuriNt CPFH CPFR 
CPFK 

■ • r t>s U 

ÜU1 
002 
003 
004 CPFR 

CPFH   COMPUTER   PAKTlC.Lt   fALLOUl RATt CPFR JO'J 

CPFK 
m m 1   UC ti 

UOb 
007 

oob 

9 • („"r K 

CPFR 
CUMMÜN   /iEri/ CPFR U09 

KAY • OtTIi>ll2)    .ul/'--'i.     ii •UMtAN • UNS • EXPO • CPFK UiO 

2FMASSU0ÜI •IDIbTH • lt « E v • IRISE • IblN •ISUUT .CPFR Oli 
3NDSTR • PSI2Ü(J • 6Ü . jiAM • TME • TMPl • CPFK 012 
klHPi .T2M •u&ou • VP^ lW •HEIbHl • CPFK 013 

iliCi. tNMUÜO ,/ JUJU i •V«(200) •  'Y(t UOl CPFK Jl<. 
COMMON    /CLUüL»/ crFK Oib 

4ALI(/60I .ATP(t'6Ü)       iHO i'.u( 2001 •CHANCE • CMLR • CPFR 016 
2CA(10.9UI • C2 • CJ • C6 • OEK. •0NIUI121 • CPFR UiT 
10RM tOk • Uit • ObTü • OSTl • 0ST2 • CPFR JlB 

4CT • OU • ONT .OA tül • EO • CPFR 019 

»CK ttpi • ES • EI Al^60) >F • FM • CPFR 020 
6&RV12601 • HLK • MÜH • IPAM . IRAJ • HCLO • CPFR 021 
IKCH .K.I'« |K& • KiV • MCX .MWy* • CPFR 022 

BN • NNN iNPVA »P •PRSI26Ü) • PW • CPFR 023 
9UI • R .HA • RFÜ •RH2(26Ü! • RL • CPFR 02'* 

1RLH(2&0I • KM • RZT • ■> • SAVE • SU'TMP • CPFR ü2i 

2SLM(2bOI • bMAI.LT • SZKU . I • TL • TMiO • CPFR U26 

3U • V • VZHO • Ml • A • XE • CPFK 027 
'»YI200I • ^ • ZBFR •2bKST2 • ZLMT CPFR 02B 

CPFR 
Ml     L>fc    Q 

U29 
030 

031 
J32 
033 
03'. 

035 

CPFR 
• CPFK 

CPFK 
M f  neu 

903   FOHMAT    {ihl////////// CPFR 
1      2ÜÄ3ÜHNLt.ATIVL   PAHTJCLt   UENblTr ///// ) CPFR 036 

c 
öü   901   J'l •NOiTH 

TEbT    FÜR IMPOSSIULL PAU'i    v.LE CPFR 
CPFR 

037 
03B 

IF(rlJI)    9U2> 9Ült   9l)i CPFR 039 

9ül                      CONTINUE CPFR o'.o 
&o ru 900 Ci'FR Ü<.1 

■Ht/   MN1TE( 1  .OU 1 «9031 CPFR üti 
MWYA   •    3 CPFR 0^3 
GO   TO   008 CPFR 0'.'. 

VÜO                     CüNflNui CPFR ü'.i 
C CPFR Cb 

c COMPUTE   PARTKLL   FALLÜü(    HAItb CPFR U^J 

c CPFR U'.b 

VIS'l.'.&ak -6»'»•!. W( UO«**T ) CPFR U'.9 
FROO"lt30666(       -U •RFD CPFR OiO 
DO   3   J»1»NI>STK CPFR Oil 
PSUE-Piil Jl »l.OE + fa CPFR Üi2 
VO'PSlZt/^IS CPFR Üt)3 
Vl»PiI/E»VU»fHOO CPFK üb'. 
C0HH«V1»VÜ »RA CPFR 05b 
IFKDHR-I'JU.Ü) 101 , füi • KV CPFR Ob6 

l<*9   IMCORR-4. bE* / 1 Ib'j • /b i . /il CPFR Jb7 
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1AT' iF12,Ji'ML ".Hi' ) 
IJO    TU     '6U 
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760   ULUOA'ALOolulLDHHI-^Ut / 7J 
C&( JI-5U65 ?.U»Vl»(.UKK»»( lui.u«A»ULUüA-'«4 3t9tf) •U.ÜUU.! J5I 
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C 
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CPFK üütt 
CROMETEKJ.CPFH 059 

CPFH Ubü 
CPFK Oil 

•CORRJII   CPFK Ubai 
CPFH 063 
CPFH 064 
CPFH U6ä 
CPFH 066 
CPFR U67 

UJUiT          CPFH U6ä 
CPFR 069 
CPFR 070 
CPFH U7J 
CPFH UU 
CPFH 0/J 
CPFH 07'. 
CPFH 075 
CPFR 076 
CPFR 077 
CPFH 0 7« 
CPFR 079 
CPFH 080 
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8N 
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»Lib 
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• V 
1/ 
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• KA 
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TAO • l 0 0Jo 6 •11MP ~-TPHI+UtUbi55•1TMP2••~-TPH••~I CPV U71 
50 ~ L Hf a . ~ AM•IIAO • 'lo l • S * II PH•Tti+Oe2H5~•1TPR••2•T E ••21+ CPV U72 
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LHM 
CHM 

■' LHM 

UUi 
00* 
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UU   litt    J"llMU*TH 
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iMALL !•> ^ALLT»ü4t 

iLbl    FÜM    riMt    btLH   CHANo. 
IM AUä I ^iHALUT-1.0 I »>. I . J.uL 1 luU 10 O I 
n i jMAi i i -i.,.,: i' in / »du 

SU K«'..gKl I J.»V/(HiT»i2ti6«i3Mbt0t i 
oj m is 

; tOMMUtt   HAKTULL   fALLÜUl    KA11 

iiii   CALL   CPFH 
ÖO   TO    (VOliVülidl tMiifTA 

V01   uü   TU    I 1 l'<b .!<.(, I .M.IU 
i<»b   CALL   Üüo 

H'»6   CALL   UC^N 
8   CALL   C*PN 
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CRM 066 
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CRM 081 
CHM 0»i 
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iCAY                   .ULllDi»., • biA^KU it   «UMLA* »bHi ttXPO •CRMM   ÜiÜ 
^FMA&^UUUIilUl^lK i1 LALL ilNlät tin* •l&uul •CRMM   Oil 
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1RLH(J60I      »KM • R2T »S • bAVt •&LUTMP .CRMM   026 
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I.MU'I.APIUAKMJI CRMM   053 
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h) TSTR •Atl l A U I · c>•"' 1 1- 1..v I A ( ) t \. II.- I l l 64 

TSTH TSII< I ( 1-1 I - A I • MI. -' - I l Q!) 

IF ITSTR- TS k I H • ~. J 6o 

243 MW YA • 3 67 
ST AT• j u 

WR IT 11 ' •'" ~l) l xp, 0 69 
) 4 ) '3 . X N 7 

X ( 4 . X 7l 
060 M • 1 CXPN 7 

c AP A 1 TY AI<RA CXPN 07 
IF ( 14 X - 9 062t 62 • Q XP 74 

ou MWYA • 3 CXPN 75 
N$TAh61 CXP 7~ 

WR IT CIS UT t 5 CXPN 077 
062 M • M X CXPN 078 

c CXP III 079 
c MPUT THt. TlM I:. AT WHI H THt. t T X A AY t. T 11:.!:1 ARt:. T 1:\ t. MAOLC);Pf'4 010 
c 1<PN 081 

OL.TM • LTM + • 84 4b CXPN 012 
T TM • TSTM + CXPt>l ou 

65 IF Cl. - l.8f 68t 6 7 CI<PN 014 
067 l.6 FR • z cxPN 015 
061 T ( 7 • 07 • I t MW A CXP/'4 Oh 
070 RETUR CXPN 087 

c OM LUt. l PVl X TA6Lt. CXPN Oil 
100 MCX • M X - l CXPN 089 

IF ( X '1. M X • I - X 'l . "' ll 10 • lO Ot 1 J CXPN 090 
102 DO 104 MIC. • • "' CXP 0 91 

c 14PU Tl;. TIMt:. IN TI:. VAL 1.. NGTH CXP 092 
ex t M - ll • A ' 1 • ""· I - ex t MK - 11 CXP 09i 

c M Ul E Vt:.RT IC" ~ AlES CXPN Oh 
ex • MIC. • 1 1 • X 13 . "'"' - l) l I A I • * - 11 CXPN ou 
ex n . MIC.- I • X ( 4. ,.. l - '" '-• 

MK.-111 I X I • "' - 1 1 CXPN 096 
c M VT AOIAL RAT CXPN 097 

104 ex 'a • "'" - l ) . X '5 . "" ) - X '5 . M - 11 l I X 12. M - 11 CXPN 098 
00 106 ML • • M X CXPN 099 

1 6 X I l t ML I • I lt M I • l CXPN 10 
070 CXPN 101 

CXPN 102 

117 



Dti 
SG 

• N::. o i:.X~U oOti 
• I :, 1 • 1 1 .oa 
. r Mt. ' ; M tOtiG 
t \01 t HI:.l lltH •DSG 
• y' u ' DiG 

oa 
• 11AN ' ML.Io( •DiG 
• t:.l\. oDNID11 oOiG 

i 1 t O T2 tOSG 

' ~ o04 • I:. •OiG 
olf AI 0 ) • • w .DiG 
• l AM tl~A L) tK LO •OSG 

II oM A tMWYA . oiG 
t l> tl> f<!al 0 tPW tOSG 

, lo( • t t kt141 0 elo(L. .oiG 
• M o::.Avt. t~L.L>IMP •Di 
• MA L.l • ' l t Tl: • r ... so •DiG 

oii.!H t \011 '"' tXE •DIG 
ol. • tH· t l.d~~ T l t ZL. ~l OIG 

OltG 

11 



3    I"liNUalht^) 
1*9   RtruKN 

tNO 

1 10 



~u t; H u r 1 t 

QMM /!:> t I 
1 AY . lfi, q , , 

2FMA~~~ U 
JN..> Tk 

~til. 

bl.>~\1 .l o l 
li\.0 1 
dN 
~lol l 

H< HI 6 l 
~ Mi .! oO l 

JU 

l ' I. 1• 

• t ..,) t ( \ '~ · J 

• I • 
, . th' 

u • 
• f ' I . b 

• . 
' ... 
t .,J I 

' f- .> 

• tt ,. 
'"' • l 't . ~ l 

• I 

• roo · · L r 
til 

.. 
,, 

l 
• \. . )..I 
' IJ ,, I 

'l . 
t t-t._ d 

• )., 

t iH 'o ~ 

' 
. l oU 

l.. l 

. u ... 
t t I A I o l.l l 
ti PAM 
.~~. ~ v 

t l' 
•I< l) 

. ~ 

' I . wr 

oil ~ 

• I !> I 
tf Mt 

' "" o\IY( .! UU I 

• H A fli l.> t. 
. ut..._ 
t U~ I I 

• l . ... 
• 1 kA U 
eM(. .I( 
t PI ~I .!6v I 
t ~HZI 6\l I 
t ~ A IIt: 
• 1 t. 
..... 

oL;o.P u 
• I . UU T 
• IMP 1 
etH: I C.. H I 

t <.i'IL. R 
tU 11.111~1 

eOS I 2 
•E D 
of 1111 

t K.C L. O 
tMIIIYA 
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tO :»N 00'> 
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OCSN 007 
ocs., 0011 

tOlSN 1Hl9 
eOCSN 010 
oOCSN OU 
tOCSN 012 
.oc~ '" ou 
tOCSN 1) 141 
tOC~N 01!» 
tOCSI\ Olea 
oOC~N 017 
tOCSN OU 
tOCSN 019 
tOCSN 02U 

OCSN 021 
C OCSN 022 

.. y I J l t l. t l:JI'I~fl. t lLMl 
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OCSN 029 
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011 UI<MA Tl l'ottt.l~li I I,.., I • t I ' OCiN O:U 
011~ ukMAf llH 1o ~ At 4~H~~UUU kl~~ I ~ T~NMI NAT~O IN OCSN AT STAT~M~NT IOCiN 012 

1'-• dtt uv t11t 6• ,,. :.wl ~ '" '" • 1 ocs.-. OJJ 
DUN OJ4t 

t.tt l~Ml tCtHihL.Tel/DCiN UU 
C OCiN 016 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••oc•N OJ? 
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' c 
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~HOUL.U ~~~ ~Wll M l u Wll 
YL~- T Ole! 

~-~ 
GO TO ll,lt 1 '>ltt 
IIIIC I TL I I ~()U I t I I 

c.u To U1 

C U- ~tiUULI) W~ ~·I I ( tt I U i I 
C Q lU 1~1 

. ~ 
1,1t If 4 t:.S•PiieLLe ll eU l u t 

N•l 
GO T O U,ltl:t ~ I ,,_ ~,. . '-' 

OCiN 04t0 
OUN 04tl 
DCitt 04tl 
OCiN 04tJ 
&>UN 04t4t 
OCSN .... t 
DCiN 04t6 
OCiN 04t7 
OC$N 04tl 
DCiN 04tt 
OUNOtO 
OCiNOU 
OCSNOU 
DUNOU 
DUN Ot4t 
D'-~"' O!t!t 
DUN 0!»6 
DCiNOU 



152 1111~ I TE I I SUU I • t»6 I OC ~ I'< Ollli 
c 1.) ~.~ ~~., 

c TtSI I'Oh IIMt t 'li ( ol 0 ~N o -.~ 

c 0 s Otal 
151 If CSM4LLf • HA I 0 14• ., , Il l OCSI'o OCI~ 

ou OST• UST C~l't Obl 

' ocsr. OCI~ 

' TEST fU~ ANOMALUU~ l. IJU l) >I I u ~LI U ILHM I o\ I I U II Ut'iL>II I Ut. I F OC:S1'4 oo ll 
c _,_OMALY I ou 0 OCS N oeto 

' oc:s 0~7 

' OCSN ou 

' TEST fOR ttMP ~-~U ~ ' ' • UI~A"' f OCSN 069 
c ocsr-. 070 

Ol4t lfiA~SITI•l O elll~t• U • 20 OCSN UH 
ll4t fo4STAT•14t OCSI~ o7c 

WORO•WONUl OCSI't uu 
<iO TO l OCSI't 0 74t 

' OCSN 07!1 
c T iT fOM lhLTtl ANUMAL.'I' OCiN 076 
c ocsr-. 077 

040 lfiR•hl llO•U•U OCSN ~71 
uo NSTAT•lO OCil'\ 079 

wOMo•woao• DCSN 010 
<iO TO l L>Cil\ ou 

c OCaN Oil 
c TUT fOM lU41 AIIIUMAL." OCSN UIJ 
c ocsr-. ~~-ou If U • lLMfl Ul.»lh UUIIt H.t OCSN Oil 

lU .. 5TAT•U OCiN OICI 
WORO•IIORIU OCiN 017 

c COMPLiT~ ~- 1-bLl flCi"- Oil 
001 ....... J OCSN on 

WRIT~ I I SOU I t 1¥ I IIISIAltWUWIJ OCiN oto 
001 RUI.IRN DCSN Otl 

END OCSN 09l 
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c 
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c 
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c 
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c 
c 
c 
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c 
c 
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c 
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!»UtHH)Ull ~ 

20 AUwU!»I 1 b ~ 

(.OMMUN /~1. 11 / 

lCAY • t.I IUt l I t UIAM t \J 1 I 
4! FMA~~ t 2U01 ol 0 1 I I< o I i: ' L "-
JNUSTH • I> !:I I l VI • u 
1tiMP2 t I M oU :.u I 
Sl:aL. t NHUUU • Il l I I 

COMMUN I Lu Ul> / 
lAL.li ~ CIOI oAif'l o.J' . ,, 
2CX llOt lhl l • t j 

JON"' t l...> t lJ I 
.. lj, t u tOol 
H.K. t i::.P:. t L 
6uHII 12oOI t HL.H tHUU 
7"-U I t"'H"' t" ~ 
IN t NNN t .... .,\1 
'llwl tM t HA 
lHL. HI .l oOI ti<M t~< .£ r 
2SL.Milet01 t SMAL.LT t :. 1<0 
)U tV t il" '' 
.. YI2001 tl t lti~W 

CALL TMPL.II.tNIJIIAtALit AII'•ILI 
CALL TMPLII.tNP ~AtAL.Tt H:. eiJ I 
CALL TltPL 1.£ t Nf' VA tAL It I<L.H t HL H I 
P•P•lOO. 

t UMt;AN 
oiHI !» 
t ~~AM 

t lliJH 
t ii Atl 0 I 

t 1.1 1200 1 
t 6 
t U~ T O 
tUX 
tLTAI~6 01 

''~""' t( ::t\1 
t P 
t .. Hl 
ti 
t I .... 
eliUocl. r 1. 

COMPUft AMetlt.NT AIM •• IL •c ti AI~\1 MAUU 

tUN~ tt;A~U 

tl !a l • tl ~uu 1 
tlMt. 

t '"'"' 1 till tHt.IGHT 
tiiYi lOOI 

t CHA uL t CML.M 
tOE"- tO~IUI U I 
tL> :a ll tl.> S 1 2 
tl>l. til.> 
t F tf'lll 
tlMAO tK.C~O 
tM A tMIIIYA 
t~Ni12oOI tPIIII 
tMHll 2«tUI tN~ 

t~A\1 ~ tii..&HMP 
tTE t TM51.> 

'" tAi 
tlLMT 

A(•l09.91•HLM•ITt./4!11•1•• t• • •1jl•t.APCil5e•CTE•~IJ~IIIIkiiCP•l9•1 
TAI>•Oe 

CUMPUTE ~ ... ECH I HL A I vt I - I. L.vu A I H 

lf1T•2JOO•Il,tl,•l«t 
U TPR•l 

CP•~••6+Ue1Yll•T 
GO TO 17 

let TPN•2JOOe 
TAI)••Jtll•t•CI•IPMI+ t ;~ ,•t(••~•IPM••ll 
CP••Jtl7et•4!el l ,•T 

1 I CP•CCP•A•Il•'l l•t•<•• l o '•" I I ••• IIIII le•AI 
CPAI•lAU+i .. o.o•ll~"·lti+\JeQil~t•CIPN••2•lt.••4! 1 

CQMPUH. iPtClf I I. I I\. I <JI IN•(.L.OW AIN-•AH.Il UIL )-11 , 

KMIA•Cle+AI / 1 • • ••• ,•• • 1 

Ut•CP•NMI A 

12:l 

U~NIIIUUl 
OERI\1002 
L>iR I 1100» 
Ot.IU IIOO'o 

tOUU IIOO!t 
tiJ EiU IIOQ«t 
tOERI\10"7 
el)fiU 110016 
D~RIIIOO¥ 
OUI\1010 

tDfiUIIOU 
tO~MI\1012 
tOUIIIOU 
eO&iiUV014t 
tOUIVOU 
e~UI\101• 
tOUIVOU 
ti>ERIVQU 
eOUIVOU 
eOiRIVOlO 
tl>iiUVOU 
tOUIVOll 
l)iRI VOlJ 
OiiUVOh 
DiRIVOU 
OIAIVOU 
OiiUVOU 
OUIVOU 
OUIVOat 
OiRIVOJO 
OiiUVOJl 
OIRIVOJl 
OUI VOJJ 
OIIU~OJ4t 
~IIUVOU 
OUIVOJ6 
OiiUVOJ7 
Dill I VOJII 
DIIUVUJt 
DUIV04t0 
OUIV04tl 
OllliV04tl 
OiAIV04tJ 
OllliV04t4t 
DIIIIIVOU 
OliiiV04t. 
OUIV04t7 
OilliV04tl 
DIAIV04tt 
OIMIVOtU 
DUIVUU 
DiiUVUU 
DUIVOU 
DUIVOI4t 
OIMIVOU 
DIMIVOt• 
DilliVUt1 



IFITMP~-TIJbUo)~1o• o 1 
ltli IFIT•IIIolleiJ11l l.l oJII1 J dt•l i 

181U C~• 7 11leo+Uo)blJ• : - l eblllklll••i 

GO TIJ :Hil i 
JHll C~•lOUJeii+UelJ)l u •l 
1112 CM•C~+CS•I~+WTI/1 ••A•~•w f l 

)dO QXt • lle+~kl/llo•~~••A k /ldol 
wX•Cle+l~e• A illlel/lle+AI 

OT•Tilt 
c 
c 
c 

. L UO 

c 
C I~ CL.OUU \.kNTt:k AI..IIIUUE ~o < A I LI( Ok L.t~i I HAN AL.JIIUUE Of" 
C TIME SlkP 
C ~HEATt:H• TU llUl 
C ~ESS • TO UuO 

lf"CKSeGTeUI~O 10 llV~ 
lf"Cl•lif"RI110UtllUl•ll01 

1100 Ul•Oe 
U•Oe 
DU•Oe 
NNN•2 
<iO TO 11 2 

1101 N,_.. l 
c 
C COMPUTE C~UUO S TO VUL.UMt: NAil J 

c 
llOl iV•l2eS66)1U6•k••ZIV 

c 
C COMPUTE IUHatUL.lNI IC.INI T H t ••tH f OISSIPAT IUN NATE 
c 

c 

EPS•CJ•Il••~KI••le~/Hll 
Ql•AMAX11ADSIUitSUHTC2e•t:KII 
~·wT•ux•w•E•Cle+X+wJi t lle+A•»••II 
lfCNHUOOillOlellO)tll ~' 

UOJ VS•OeO 
GO TO UO:) 

C COMPUTi IIINI) SHt:AN (.U~HtLI& .. ~"'-IUH 
c 

c 

uo• UP•l+Rl T 
lbT•l•RU 
CA~~ TRPLCll~tNHU~OtL ••~• ' I I 
CALL TRPL.ClTPtNHOUUel\ltVft-tll 
CALL TRPLClbTeNHUUU el~twA•v•bl 
CALL. TNPLCt•t•~HUJ~ o L V t · ~• l ti l 
VS•iURTCCVXT•VX~I••~ + C~Yf•VY~1••~1 

110, NS•iV•Q7+1eS•~6•VSIH 
(i() TO CUUhUil•l l loll 

C OMY EUUATIUNi 

' c 
C COMPUTi All~ Et~INA I II.M~h l t<Ail 
c 

123 

l>t:N I VO ~~~ 
UtNIVU!J9 
l>t.MI\1060 
OEMi\1061 
I>EIU V CJl 
OERI \IOU 
OERI\IO•to 
tiERIIIOCI~ 
OERIV066 
LH~RI vo•7 
OEHIVOCI¥ 
DEN I IIU.V 
I>ERIVU7" 
DERI \IOU 

Pt<t:IIIOU~O~RI\1072 
oEr. I 110 7l 
DER I \IU 71o 
L>ERI VUlt 
DUIVU7• 
u£RI VIHJ 
DiRIV071 
DERI 1107111 
DUIVOI(,) 
OEM I VOU 
OiRI\1012 
DUIVOU 
OUIVOIIo 
~iiUVOU 
~iiUVO .. 
OiFtl\1017 
~iMIVUII 
OUI V(,)lt 
OiRIVOtU 
OUIVOtl 
OiRIVOti 
O£RIVOtJ 
OiR&vot• 

&von 

I""" Dill I VOVJ 
1,1 k v 91 
gUIV(,) t 
U RllllGO 
OkiUV.& ' 
OkfU Vl a 
L.liiU VlOJ 
OiA&II.&Qtt 
UillllllOt 
OiRIVlU. 
~iRIVlOl 
~iAIVlOI 
DUIVIOt 
OillhUO 
Di"l VUl 
OlfUVlU 
OiRIVU . 
ouavu• 



c: 
c 
c 
c 

' c 
c 

' c 
c 

c 
c 
c 

c 

' ' 

l.Ov I)AM•IHM /Il. o• •' III II 1 • •, , , , . IX•I.CS •H I. t 11J l•UX•Ux£•9otii•U•£j.ljle()fiHVll' 

101 

lOl 

101 
101t 

l.AMIX/1 R•l•u 1- J . e•ut d f o t ~tt•ltll O£RlV116 
OM~t • UHM ()fRIV117 

OUUVUI 
SUtiTHA~l A•AY AI ~ MA ~ ~ ~U~I OUt TO ?AMIICL£S FALLINu UUT CLU~D£RIV11t 
~OIIUM OUkl~u HI OfRIVlZO 

OUIV1Zl 
ORN•UHM• Ml OfRlVlZl 

DERIVUJ 
COMPUI~ IIMt OtkiVA II Vt 0~ - P itH VAPOR MIXING MAllO OEMlVlZ• 

DUlYUt 
Ox••ll.o+A+~IIIIo+Xtl~l •1\ L I •• • ~< Mt/Hf~ OfRIVlZ• 

OUIVU7 
OMPUil IIML Ulk iVAI V ~~ ~ UUO ftMPlRATUMi DiRIVlZI 

DUIVUt 
I.)T ••I ~loU Ul-.1 I • u~t ewAt • lie &I • U• t .. +CPA Jei.)IU4£/W.M 1/CM DlR IV l 10 
WT•Ue OfRIVlll 

O£RIVUZ 
NO Ct1ANC..E IN LlloiUI I.> lo' AT i:.k MfA lf.l il MATIO OfRIVlU 

ou& vu• 
DwT•Ue OiRIVlli 
GO TO '~~ DERIV1J. 

DUIVU7 
WET EQUATION~ DiRIVlJI 

DlRIVUt 
Ql•1••••~9elll• IV140 
lf1T•27lell02tl0Jt10i DIR&Vi41 
CL•2e1Jl6 DIRIV14Z 
GO TO 104 DIRIV141 
CL•2e~£6 DIRI~1.-
0Z•CL•xtlll7e•TI DIRIV141 
QJ•11e*Ql129.1T DIRIV146 
~••1•+02 DIRIV147 
Q~•1e+CL•Ol/CP DIRIV141 
Q6•CL•IX•A£11CP+T•TE DIRIV141 
Q9•AMlAIQ~ DIRIV110 
QI•Q'i/TIUA DIRIV111 

C DIRIVliZ 
C CQMPut€ AIM ltHRAINMt.Nl ._ .,J DIRIVUI 
C DIRIY614 

ORM•HMil•CMMIC1eU•U••w¥JI•t~ l •RL+IWl•OT•tee•U.•U•Wlf•IPii/CP/T/WAeD&RiVlll 
lQ9•19ei•UIIIll7eiQXl•Tfl l DII,IV116 

ORMt•ORM Df,R&Vll7 
C DI~R&VUI 
C iUBTRACT AWAY WAif U~ MA~ · LV~I uu IU PAkTICLfi FALLING OUT 'L~Dil&Vllt 
C BOTTOM ~NING Nli£ Dll:v&•O 
C DIR&~l·l 

~M•DA•t-CMLN DIR&VUZ 
C DIR&Vl.J 
C CQMPUTi TIMt ~tMI~AilVL Of TtMP~NATUAE DIAIVl .. 
C DIAIVl.l 

DT•II•QA•wT•~·•·•·~~~P•uA•·w.•DRMiiCAMIX•~MI I •t~IICPI•Qt DIAlYl .. 
C DIR&Vl•7 
C CUMPUTE T lMl UUUIIAI I Uf WAtf;lt VAP&la MIA IN'- I(All\1 DIR&Vl61 
C DIRivl•t 

DA•Ol•CWJ•UT•~ ·~· ~·u . 2 ie•TiJ•waEI D&a1Vl70 
C DIR&Vl71 

1 1!4 



c 
c 

c 

c 
c 
c 

COMPUT E TlMt DtklVAili/L OF LIQUID ~AT ~ k MIAI~~ k~ llv 

SSS £01• 2e*C2•Y7•UW/A Z1 
GO TO lb2lt.LllOitNNN 

621 OMU•1e-kL 

COMPUTE CLOUD 1/tiH &CAL A'- U Ll I<~ I I ON 

DERIV172 
Df.R I II 1 7l 
DEIU II 17,. 
DUIV.Ll:i 
Df.RI\/17. 
DERI Ill 11 
O£Rl1117i 
OERIV.L79 
D£R' 11.1.10 
D£~1 IIUI.L 

c 
DU•I9ei/OMV•tUT•UA•UAt •RM A · •• 1-tUMU•lUl •DkM/kM I•ui•RM/IHM+WIIDERI\/1¥2 
COMPUTE EDDY llliCOU kAT l ~F LOSS ~F ~&NETIC ENtH~Y UF ki SE OEMIV1iJ 

c 
1110 

c 
c 

<.: 
c 
c 

c 
c 
c 

902 
901 

ED,.ED1*~'**2 
COMPUTE TIMf. DEAIV~TIVt uF TUk8ULtNl ~&NETIC tNtk~Y DENSITY 

COMPUTt TIME OERlVAIIVE Of SU!L MIXING RATIO 

RA•RM/V*RMIX 
IF&EPS.902t902t901 
EPi•1eOE• .. 
RETURN 
END 

125 

DERI Ill i4t 
D'IUVUII 
DEiUVU• 
I:>UIVU7 
DERI VUii 
D£RIV11t 
DElli 11190 
DERI Vl9l 
DERIV.Ul 
DEfUVlU 
DEfcl v.u .. 
DUIVltfl 
OERIVlt• 
DERIV197 
DERJ 11191 
DER1V.Lt9 
DERl\/200 



SUBKUVjTtNt   ICiW li.RO 
ICRO 
JCRB 
1CRD 

»»••«••<*•»«•»»•• »»»•♦»*»»«• ••JCKB 
ICRO 

CUMMüN /JLii/ IChO 
1CAT •otT;ü(i 2 1 iü1 AM« tJi)  tUMtAM • DNS • EAPO • ICRO 
^FMASiliO ül i UliTK • I LAC. 1 .iKlSE • IS1N •ISOUT • ICRO 
JNUSTK t^i(iOUI • SÜ .SSAM • TMt • TMPi • ICRO 
<.TMP2 • PH» »U^v. i .VPR • M •HEIäHT • ICRO 
SZSCL • i'«HtüJ • iVUJOl    .VA(2Ü0) •VYI20Ü) ICRO 
ÖJMMON /CLwüU/ ICRO 
iA^r uou) tAiKi^bu)  tau •COI2U0I •ChANbE • CMLR • ICRO 
2C*(10»90I tC' • wj • et • OEK •ONIOI12I • ICRO 
30HM • US • OSI • DSTO »OSTi • OST2 • ICRO 
<.ÜT • DU • ÜWT • UA • DZ • EO • ICRO 
5tH ttPi • ES •tTA(260) • F • FM • ICRO 
f'<SRV(2t>0l IMLK • MUb • IPAM • IKAD • KCLO • ICRO 
7 KOI • KRX • KS • KSV • MCA • MWYA • ICRO 
BN • SHil • .NPVA • P •PRS(260) • PW • ICRO 
9dl tK • HA .RFD •RH2l2bü: «KL • ICRO 
iRLM(^OÜ. • KM tK2r • S • SAVE •SLOTMP • ICRO 
2SLM(i60) •SMALL' • äZKÜ • r • TE • TMSD • ICRO 
3U • V • V2RÜ • WT • X • XE • KRO 
'»YliÜÜ) • <: i^bFn icdHäTZ • ZLMT ICRO 

ICRD 
JlMt^iiJN ATlU:i2l 

>•••••••••• 
ICRO 

••ICRO 

CüNTKüL ■"AKAMLTEK jLusaAx. Y 
•••••«••*•••••• »•••••••••• ••ICRO 

ICRD 
ICRO 

KOI .NOMÖEK OF wAFtKi PEK PARTICLE SUE CLASS (RSXPI ICRO 
IKAu •AFEK SUÖUlWjiiON FACTOR (RSXP) ICRO 
K.CLU CKM DtbUtj PRINTOUT CUNTROL ICRO 
KKA KäAP ütBUti PKINTuUT LUNTRÜL ICRO 
IPAM PAPTICLt AL TIv; > LALCL'LATION CUNTROL (AL4AYS ZERO) ICRO 
KAIM AIMOäPHtK L TAbL(. ■ ■ . TOUT CONTROL ICRO 
iWSTR MUMHER UF PARTlLLt '-iZE CLASSES* ICRD 
( IDläTR PAKTICLt JISTK16U> li..'- FORM CONT;^; .> 

»•»»»»«#»» 

ICRO 
ICRO 

•»ICRD 

1000 FORMAT 
IT M t 
20 N 
3E MOOU 
<• <»2At3 

1100 FORMAT 
1200 FORMAT 
1300 FORMAT 
1*00 FORMAT 

IE 10EM 
28.1^ 
3EES KE 

(lMlt///^lAi9M 
NT   OF   ü 
S Y S T t Mt// 
LE///55A,llrtPH 
7HNAVAL KAÜIÜL 
HANU/ 5JA.i7HA 
(12A6) 
(61*1 
1E12.3) 
(20A»,CLJJC «I 
TIF1CATIJN 
METtKS1/2ÜA«'S 
LVI.V /20X^ 'PAH 
23A.,T'. r^L - 

*«•••»•   •//12A101HT   N   E       0   E   P  A  R 
EFtNiE        FA.LOUT        PREOICTI 
51Atl9h»   •»••••••   •////52X.17MCLUUÜ-RIS 
EPARfeU   bY/ 
UclCAL   DEFENSE   LAüOHAI^r/   ÜA. 1 iHa. F. tCAL IF ,/ 
RWN   tUKPüRATIUN/&3X.iiM. AHtFIELÜ»   MASS.////) 

•v.N IUENT:rlLATlON - • . It Ab// 20A . ' ATMOSPMER 
••'2A6//20A•,ELEVATION OF fiROoNp ZERO ■ 'tF 

JU .OLIUIFICATIÜN TEMPERATURt » ,.F8.1»« UtijR 
TICLü DENSITY (C.Ö.S.I ■ •.F8.4/20A. ' • ifcLDS (K 
-tl l.^OXt'PISSlON   •    'tEil.^/^OXt'FKALl ION  OF 

ICRD 
ICRO 
ICRO 
ICRO 
ICRD 
IC30 
ICRD 
ICRO 
ICRO 
ICRO 
;CRO 
ICRO 
ICRO 
ICRO 
ICRO 

001 
002 
003 
004 
00* 
006 
007 
Uuo 
009 
010 
011 
012 
013 
014 
01» 
016 
017 
018 
019 
020 
021 
022 
023 
024 
026 
026 
027 
028 
029 
030 
031 
032 
033 
034 
035 
036 
037 
038 
039 
040 
041 
042 
043 
044 
045 
04« 
047 
048 
049 
050 
051 
052 
053 
054 
055 
056 
057 

126 



bAVAILAbtt   tNtKur   0-1--    I .J   Mt.Hl    AJK   IMTlAut»    =    'til.«.! 
i500   FOKMAKiO*»'C^MPgTAI ION   .j.ThyJL   I NPUl J-'/i J* • '      WiT« 

11 iKAt) KCLU ^l^A IHAM fcAT M'/ tUAl a J 7///1 
1600   FORMATUOA«'FKACTI.   .   J     Av' •   lAbLt   LNtrtjY   OSLU   TO  HLAI 

1    1 INITIALLY    -    'Lli.■♦///) 
1700   FORMATUOAi <i<:MLOMHU I AT i JN   tUNtKULS   -/<:JA« 

1 "»HMNUMbLK   Uf- 
it   CLASiLJ   KLüOLSTLü   -    l^/i.-^t   S)i»MNUMBEK   OF   CLOUJ   iUbUl 
3ro'    HtK   Slit   CLAü   ^    l"./ 
* iJM    ti    «-s-tK   jUUuiv/lbloN   FA^'    h    » 

998 FOKMATllriit 
1 iOAi iOMATM^ ot'-iLA^ < a* A// /A OMAL I i i 1A i JnAI i-.     i* 
2HETA»llX»itilJKS»liA»3H(jKV »HAtiHSLMlilA. JMKLMJ 

999 F0KMAT(//loliX.tlJ.D))J 

SE.ÜUENCL   UF    lINPuTb 

1 K£AD CLUUü   «ISfc   lütNTIFiCAl iOi« 
i KtAJ CONTROL   LAKO 
3 KEAD GZ   ELEVATION   (MtTEKiJ 
4 ".EAO SOIL   SOLlOlFltATION   I L.MH.^A I uKE 
5 READ FISSION   YlEwü (K.I 1 
6 READ FRACTION   "F   t-NtkuY   «VAKABLE   IN 
7 READ ATMOSPHtRt   IDENTIFICATION 

(DEGREES iktLVlN! 

TME LLUOO OSLO TO MEAT AIR 

(■ -.A0( ISlNtllOOIONIU 
RE^Ol ISINtiiOOlHUl likAjiNCLOiKKAilPAM.H.ATM 
KEAD( Ii INiliOOUbKSU 
RLAD(ISINtl30ÜlSLüTMH 
READiISINil300)F« 
READ(ISINil300)PHi 
READ(ISINiil00)AriO 

CALL ATMR 

SEUUENCE OF OUTPUTS 

LAjlNu 1 ^RITE CLOUU HISL MLU.I 
2 WRITE INPoT OATA 
3 WRITE COMPUTATION CONTROLS 
<♦ WRITE CRM   COMPurAr\>n    .   N'ROLS 
5 WHITE RSAP CJMPulAilUN CONTROLS 
6 WRITE ATMOSf-MEKE t-i  ■twUES 

RPMI-1,0-Phl 

ICRU   oiö 
lOISTR K.ÜICKD   0!>9 

ICRD   060 
LlUUlü *ATERICRD 061 

ICRD 06^ 
ICRD 063 

^ARTICLE SlilCRD 06<» 
VISIONSIWAFEICRD 06t> 

ICRD 046 
1-1 ICRD 067 

ICRD 068 
•3MKMi.11A.3ICR0 06» 

ICRD 070 
ICRD 071 
ICRD o7i 

.•••*.>.••••« ICRD U73 

.•••«»•••••» 1 CKD 07<> 
ICRD 07& 
ICRD 0 76 

«•••«.»•«»•«ICRD 077 
ICRD 078 
ICRD 079 
ICRD 080 
ICRD 081 
ICRD 082 
ICRD 083 
ICRD 084 
ICRD 006 
ICRD 086 
ICRD 087 
ICRD 088 

•ICRD 089 
ICRD 090 
ICRD 091 
ICRO 092 
ICRD 093 
ICRD 09<» 
ICRD 09a 
ICRD 096 
ICRD O«' 
ICRO C78 
ICRD 0 99 
ICRD 100 
MCRD 101 
ICRD 102 
ICRD 103 
ICRD 10% 
ICRD 105 
ICRD 106 
ICRD 107 
ICRD 108 
ICRD 109 
ICRO 110 
ICRD 111 
'ICRD 112 
ICRD 113 
ICRD 114 

LJ 



iKHlTt.1 ISÜUT .injui^^iu ,AI lu«ZbHSTZiSk.DIMP»üNiiW»FW»PMl 
WKlTtl ISOUT ilbC - IK^-HJ 
«KlTtl liUUT ilbgOIMPaTKi lUibTKiHui »JKAU.HCLUtll.KAt IPAMtHATM 
«Kl TLl liiOuT .1 / J„ 1 lj^j r-vtv-ul t i^AD 
IFIHATM)J ti .1 
WKlTtlliOUl.^vo) 

ICRO 
ICRO 
ICRO 
I CSD 
ICRO 
ICRO 
ICRO 

WKlTtl liuul »9S91 lALTl I» tATHI URH; 
IKLhl 1)tl-i uNPVAl 

^ HCLD • K,CLÜ ♦ 1 
KKA » UK» ♦ i 
KtTUKN 

t11tbTAlI 1tPKblI ItuKVl1)tSLMll )f ICRO 

ICRO 
ICRO 
ICRO 
ICRO 
ICRO 

116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
12* 
127 

128 



SUbKUUIINb KHuUL KX.C1ILOÜI 
c KHGIL002 
c 18   AUGUST 196^ RKÜIL003 

COMMON   /itU/ KK.GlLÜO'* 

1CAY .UtliL-! 121 •U1AM(2U1) •UMEAN • DNS • EXPO •RKülLOOS 
iFMASS(^aO) .IDl^TK »ItXtC •iKlit • ISIN »ISOUT •RKOlLOOb 
3NÜSTK • PSUOUl • SO ..»SAM • TMt • TMP1 •RH&IuOü7 
4TMP2 .T2M •USOlL » ^HK • M • HE I out • KKGlLOUli 
5iSCL •NHOOO • ^vl2uu i •VX12UU) •VYl2J0) RKGILOOV 

COMMON   /CLOUJ/ RKGlLOlO 
1ALTU6U) iAr^(2bül »110 • Cb>12UJI •CMANüE • CMuK •KKGlLOll 
2CX(I0i9ü) |C2 • L j • Cb • ütK, •UNlUl121 •RKGILOI^ 
3ÜKM • US t^ J f • OSTO • OSTl • JST2 • KlU.lLUii 
'»DT IÜU • ÜMT • ux tüi • EO • RK.GlLOl'i 
sEtC • EPS • ts •ETA(2bOI • F • F n •RKGlLUl^ 
6G.RV(260I • HLK • M^Ll • IPAM • IKAU »KCLD •RKGlLOlb 
7K.DI »HHX • KS • HSV • MCX • MwYA tRICGU017 
8N • tiHN • WPVA • P •PKS(2bül • PM • KlCGlLülb 
901 • K «KA • KFO -kM2l2faO) • KL • RK.G1LG19 
lRLril2bül • KM »Kill • S • SAVE •SLOTMP •RKGILÜ2U 
2SLMt260) • SMALLT • S^KÜ • T • TE • TMSÜ • KK.GI Lu21 
3U • V • V^KO • NT • X • xE IKKG1LÜ22 
'♦YiiUO) • il »ZBFR •ZbKsrz • iLMT RKGIL023 

c RKGlLä2<* 
c RK.GlLü2ä 

DIMENSION Ü^ÜL(d)«VbLlö)•Kkb.d ) RICG1L026 
H-05T PKGILÜ27 
K.S      »0 RK,GiLU2ä 
<YCL-1 RKGl.üZV 

c 
V13L( 1)«MT 
VbLI2l»RM 
VBLOCU 

VÖL(5I-T 
VBL(6)»Z 
vaL(7)«Elt 
Vbu(ÖI-S 

RICG1L03Ü 
RHGJL031 
KK,GlL032 
KKGIL033 
KK.uUÜ3<. 
RHQ1L035 
KK,GlL03b 
RK.G1LÜ37 
RK,GlLÜ3ä 

c 
20   CALL   DtRIV 

RKG1L039 
KHGlLÜ*.ü 

IF(U.EQ«0. 0)   VBL(3>«U • RKGILU<*1 
DVBL( D'UWT HHGiLO^ 
DVBL<2)"ÜHM KKGlLC't3 
0VBL(3I>0U «ICGILO^ 
OVBLCJ-DX HKÜiLOti 
DVBL15)»0T RKGILCI46 
ÜVBL(6)«0t RKGIL047 
DVBLi7)»0tK. RKGILO^U 

DVBL(8I«ÜS HHGILÜ49 
c 

00   TO   11t3 I5»71 •K.S 

RICGUO^O 
RKGlLOäl 
RK.GlLäS2 

c 
1   00   2   J«l»a 

RKüUOSä 
RHGILüS'. 

VBL( J)"VBi. (Ji*Oti«i »i. ,  L L        J 1 RKGUOää 
2   RK.ü(J)»UVo LUl KKGlLUbb 

60   TO   10 KKolLÜi/ 

121) 



/ÜL( J)-KMJ( J. 
;i3203<»«RKe(J) 

10 

30 

ÜÜ 1* J'llü 
/bL( J)«VbL( J) '•**..*■> iii*  I» I 
KHG( JI»»&l*i7ö6V«»UVÖl. (J) '-»l 
UO   TU   10 
LO   6   J'liö 
VÖL(J)»VbL( J)fi. ?0nü6Ö»H»(ÜVBL(J)-KKG(J) ) 
RHG( JI«3.Hl'.^13io»üvü,. ( J)-». l2i3<!03«RH6(JI 
GO   TO   10 
D)   S   J«lid 
Vm.(J)"VBHJ) + «l«»66666?*H»{u» 3w(J )-2»»RHG ( J) ) 

K1CL-2 
W1«VBL(1I 
Rf"VÖL(i) 
U«VBL(3) 
XoVBL(<tl 
r«VBL(5) 
Z«/BL(6) 
EIC'VBLI?) 
S- 'BL(Ö) 
RZ r»HL«(Z-BÜ) 
CAi.L   TKPLf^.NPVA.ALT.PKi.PvJK) 
V».:.b7*T«KM»(l.+X)/POR/(l. + X+S+wr)•( 1.0 + X»29./lb.l/ll.0*XI 
GO   Tü(20.30).HYCL 
RE'URN 
ENO 

RKGlLO&tt 
RKÖ1L039 
RK&IL060 
RKGIL061 
RKGIL062 
RKGIL063 
RKQIL06<« 
KKGIL06& 
RKGIL066 
RK&1LU67 
KKGIL06d 
RKGIL069 
RHGIL070 
riKGIl 071 
riKGIL072 
RKG1LÜ73 
RKGIL07^ 
RHGIL07& 
RKGIL076 
RICGIL077 
RKGIL07ä 
RKGIL079 
RKGILOSO 
RKGIL0S1 
RK.G1LÜ82 
RKGIL0S3 

130 
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I 
I 

SUBROUTINE KSIK RSTR 001 
c RSTR 002 
c 20 AUÜUST i969 RSTR 003 
c RSTK 004 
c HSTR PKtStKVtS hNU/UK KL&TOKLi CRM VAKIAbtbS HSTR out? 
c KSTK 006 

COMMON /StTi/ RSTK 007 
ICAY »DETI0(121 •UlAM(2Ui) •DMEAN »UNS .EXPO »RSTk ooa 
2FMASS(200 •IDiäTK .ItxtC .iRlSt .1S1.N .1SÜUT .RSTR 009 
3NOSTH iPStiOü) • SD .oSAM »TMt • TMPl .RSTR 010 
'»TMPZ .T2M •USUlL tVPR 1 N HtlbMT .RSTK on 
5ZSCL iNHODO tlVi. 2001 •VA(2Uä) .VY12Ü0I KSTK 012 
COMMON /CLÜUÜ/ RSTK 013 
1ALT(26Ü) .ATP(260) «bo •Cü(2UOI .CMAi\^t .C^LK .RSTR . l<* 
2CXI10t9Ü) iC2 .C3 iC6 • DEK U'NlUt12 1 .RSTR 015 
3t)RM • OS .DST »DSTO »UST1 OST2 »nsiR 016 
40T • ou »OwT .OX .02 »ED .KSTK 017 
5EIC • EPS • ES •tTA(260l .F • F w • RSTK 018 
6&RV(260I .HLR ♦ Hub .IPAM »I RAD .K.CLO .RST»! 019 
TWJ • KRA .K,S .HSV .MCX .MwYA .RSTR 020 
8N • NNN • NPVA .P .PRSI2bOI »PW .RSTR 021 
901 • R • RA .RFO .KHZ(2bO) iRL .RSTK 022 
1RLHI260) • RM ♦ R2T .S .SAVE .SLOTMP .RSTK 023 
2SLM(260I •SMALLT • S2R0 .T .Tfc .TMSD .RSTK 024 
3U • V • V2R0 .NT .X »XE .RSTK 02a 
^(200) • 2 .2BFK .2BRST2 .2LMT RSTR 026 

c RiTR 027 
c 

DIMENSION PYUIOI 
RSTK 
RSTR 

02ti 
029 

c 
GO TO(1.3 

1 PtK'tK 
PRM-RM 
PSS»S 
PT"T 
PU"U 
PV-V 
PWT-WT 
PX-X 
Pl'l 
PRZT-RiT 
DO 2 NP-1. 

tRSV 

NDSTR 

RSTK 

RSTK 
RSTK 

RSTK 
RSTR 

USTK 
RSTK 

RSTR 
RSTR 
RSTR 
RSTR 
RSTK 
RSTK 

030 
031 
032 
033 
034 
035 
036 
037 
038 
039 
040 
041 
042 

2 PY(NP)»Y(NP) RSTR 043 

c 
GO TO 5 RSTR 

RSTk 
044 
045 

3 SMALLT-SMALLT-DST RSTK Otb 
DST«C.t> RSTR 047 
EK'PEIC RSTR 048 
RM"PRM RSTR 049 
S-PSS RSTR 050 
T«PT RSTR 051 
U-PU RSTR 052 
V"PV RSTR 053 
WT«PWT RSTR 054 
X«PX RSTR 055 
I'Pl RSTK 056 
iZT«PHZT RSTR 057 
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DO  h   NP"lfNt>srH 
I*   Y(NP)»PY(MP) 
NO 

& HtTUWN 
END 

RitR 0ä8 
RSTK 059 
RSTK 060 
R&TR 061 
R&TR 062 

i 

1S2 



I 

SUBHOUTINt WSäP 

COMMON /it 11/ 
KAY        .ULIlLMl, 
2FMA&S(2ÜO)•lUläTK 
JNDblk      .Hb(^UU) 
^TMP2      »T^M 
JiSCL       .NHÜÜU 
COMMON /CLOUD/ 

) ^UlAH{^0i)    «UMEAN 

IALT(260) 
2CX(X0iV0l 
3ÜRM 
hOt 
SEK 
60RV(260) 
7KOI 
8N 
90] 
lRLHl2bO) 
2SLM(260) 
3U 
i»r(200) 

«ArP(26J) 
.C2 
• OS 
• UU 
»tPS 
.HLK 
»K,RX 
iNNN 
• H 
• RM 
•bMAULT 
. V 

»su 
•USOIL 
iZV(2uul 

IUO 
• CJ 
»U6T 
»owl 
•ES 
»MOB 

»NPVA 
iRA 
.RZT 
ibZKU 
.VZRÜ 

• ÜAM 
• VPR 
•Vä(200I 

ICIJ(200I 
! Cb 
• üblO 
f ÜX 

•tTA(2bÜ) 
ilPAM 
iKiV 
iP 
• KKD 
»S 
iT 
iwT 
UÜHSU 

»ONi 
• 1SIN 
iTMt 
• w 
tVTltUU) 

•CHANOt 
• DEK 
t Jbl 1 
»DZ 
.F 
• IKAD 
»MCX 
.PRS(260) 
. KMZ( ,ibU ) 
tbAVt 
.-Tt. 
tX 
.ZLMT 

.EXPO 
•läUUT 
.TMPl 
»HEIdHT 

.CMLR 
• UNI0U2I 
.OST? 
• tu 
iFM 
.K-CLU) 
tMWYA 
• PM 
• KL 
.SLÜTMP 
• TMSD 
• XE 

DIMENSION OPS1(0.2).1>PX(2.VÜ).V!SCx(9Ü)»ÜDPST(iU•luy ) .PPST(8»1Ü) 

DPSTd.MBT) TIME 
DPST(2.MaTI ALTITUDE OF INCREMENT CENTER ÜF MASS 
DPSTO.MBT) RADIUS 
DPST(4»MBT) PARTICLt DIAMETtR MICROMETERS 
DPST(äiMBT) MASS 
DPST(6tMBT) INCREMtNT THlCKNLSS 
0PST(7.MBTI ALTITUDE OF INCREMtNT BOTTOM 
OPSna.MBT) INCREMENT VOLUME 

A<»4 FORMAT('1'/lÜX,'DEPOSIT INCRtMENIS'//15X. ' TIMt'iTX.'ALT'»ax.'RAD' 
ITX.'DIAM'«OX.'MASS'tti*t'Oi'.yx.'iLÜW'.7X.'VOL'//I 

666 FORMAT(lX,lPtU.3.7l-11.3.U.!3^.12.'IN CLOUD1) 
777 FORMATUX»iPEll<3.7Eil>3fl2i:>XtI2l 
888 FORMAT IIXilPtll>3»7Ell>3/ixl<SUBDIVISION

1 •2XiIS«öXf*SUE CLASS* »2 
UI9/I 

758 FORMAT(//'DAVILS EUUATIUNS Ar<t INACCURATE FOR'tFlS.Ji» MICRONS AT 
1»F12.3.'METERS') 
DATA DENT/6H IRISE/ 

INITIALIZE 
ARRAYS 

«KAFER UP-DRIFI INTERPOLATION ARRAYS AND WAFER DATA 

DO 2 KA-1.9U 
DO 2 KB>li2 
OPX(KB.KA)»U.Ü 
DO 3 KC-l.d 
DO 3 Ka-lt2 
DPST(KC.KU)-Ü.O 
IF(KDII5f&i4 
KDPST-KDI 
DPSTK-KDPST 

RSXP 
RSXP 
RSXP 
iRSXP 
»RSXP 
• RSXP 
• RSXP 
RSXP 
RSXP 

• RSXP 
• RSXP 
• RSXP 
• RSXP 
• RSXP 
• RSXP 
• RSXP 
• RSXP 
• RSXP 
• RSXP 
• RSXP 
• RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 

• RSXP 
RSXP 
RSXP 
RSXP 

XRSXP 
RSXP 
'RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSXP 
RSX0 

RSXP 
RSXP 

UUi 
002 
003 
004 
OUt> 
006 
007 
OÜU 
009 

U10 
ou 
012 
013 
01'* 
01^ 
01b 
017 
018 
019 
020 
021 
022 
023 
024 
02J 

026 
027 
028 
029 
030 
031 
032 
033 
034 
03a 
Ü3b 
037 
038 
039 
OtO 
041 
0«.2 
043 
Out* 
04& 
J4b 
047 
048 
049 
ObO 
Oil 
Oi2 
Oi.3 
Oä4 
Qbb 
Oib 
057 

i;}3 



t)3 

b / 

t>B 
7 

190 

7a 

7V 
77 

7däl 
7öö^ 

i<;o 

(Jü    To   h 
UI-,i>T^•i.O■H^.^.M^Ml,^l-LA(J»M^.^)l/l0U.U 

CüMIJUTL   «Ah LK   UH-UKiFI    iNTfcHPOLAT lOrN   AKKAY^ 

DO    /   KU=i.Mv.x 
Ih ICX( 7»M)I"CA(<>»H.U) IbJibJi1!». 
ÜHXi 1 »HOI=0.0 
(JU   TU   bi 
UHäI iiKUl"ICA(7iHUI-C<lfc«l«,Ül )/ (CXCuHO-CXl 3iKD) I 
IK (CM t>iMJ) )'jb ibb »b / 
DPA(c »KUI*^.U 
do   TU   7 
ütNüM«(.Ä( JiKL))~ibKijT<; 
IF (JtNOMI t)ö»t)OOt) 
Uf'X(^»KL))"CX(biK.OI /ÜLiNüM 
CUNTl^UL 
uO   TO    I IVOtiBdl»HKX 
t«K I TL ( IbUUl .'.«to) 
AKtAMX«3,i*.lb'Vt'(j»^X(b,MLM«»J 

6tT NOMINAL wAFtK LUOt LtNuTM IF *AFEK KAüIl AKE TO üt 

IF(jKAÜ)7di7b./« 
b^«0» 
GO TO 7/ 
t»^«CX(5«MCAl/FLOAT ( IKAO! 
KtrilNU   iKlot 
WKITU IKIiDUtNT 
WWI It ( lRI!>tlF««J)SAM»SLüTMP»TMSü»äU»W»HEl6HT»B2»KFü« IKAO» 

iCX(S»MtX)titiRifi 
WRITt( IRliEHUNIUI I»«l»lii2) 
WKlTb( JRlSk»(l)ETIü(ll»J"l»12l 
WKITt(IKIbtINDSTK 
WK1rt(lHlät)IHS(J)fFMAä^lJ) «UlANK Jl •J'ltNDbTKI 
W^lTt ( IKlbt)XllMiT 
WKITt( IKliLINPVA 
WK1 1L( 1K1it I iAL IU) »L TA(J) .KM^ (, ) ,j=1.NPVAI 
WH lit ( iKlit IMLX 
MKITbllKlätllCX(J.JIfLA(4iJlt'.X(ifJliCxlbiJ)iCX(7tJ)iJ<i, »MCXI 
*WITL(IKJat INMOOU 
IFINHOJOI latiitlaoitlaui 
wKITc.( iKl it. i liV i jl iVXt J) »VY ( Jl iJ>ltNHUüOl 
FKüCi«l»3üb6667E*l7«KF0 

LUUÜ^J 

COMPOTt   Iw-CLÜUL)   AIH   VlSC'JSITIEä 

00   bü'.b   J-i iMCX 

HCX^MtX-i 
*( »♦Jlt»i,b/( ilu.<»*Cx(9»j|) 

KiXP Ubti 
KSXP DSV 
KiX^ Uoü 
KSXF 061 
H5XP Qbi 
KSXH Obi 
KbXP Qbk 
HSXH Ü6t> 
KiXP Übt 

RWP Ü67 
KSXF Ubb 
KiXH ÜbV 
RbXH U7U 
KiXH U71 
RiXP U7^ 
KSXH 073 
KÖXP 0 7'. 
KSXF U7!J 

RSXP 076 
KSXH 077 
KbXF 07b 
RiXP 07y 
RiXP Obü 
RS.XH Obi 
R6XF UÜi 

^ObOlV. Otü RiXP ObJ 
RbXP 0Ö4 
RäXP Obi 
RSXP übb 
RSXP 0b7 
RSXP Obb 
M6XP Üb9 
RSXP OVü 

t K&XP 091 
R6XP 09^ 
RSXP 09i 
K5XP 0 94 
RSXP 095 
RSXP 09b 
RSXP 097 
RbxP Ü9b 
RSXP 099 
KiXP 100 

1»MCXI RSXP iüi 
RiXP 10^ 
RSXP 103 
RSXP 104 
RSXP iub 
RSXP 10b 
RSXP 107 
RSXP 10b 
RSXP 109 
RSXP HO 
RSXP 111 
RSXP l\i 
RSXP 113 
RSXP 114 

I 

\M 



■■■ m^m 

C 
C 
C 
C 

ENTtK ÜUTiiÜL WAKLH t.«l.C.Ui A1 1 UN LUUPt  [Hl^ LUUH UtFINLS HAKTICLt 
Silt.   CLA^^LO. 

200 DO <:7ö MA-liNUiTK 
KDHS«2«KUHbT 

LNTtH MiüULt WAFLK CALCULATION LUOH.  Ihlb LUUH JtFlNtS CLUUU 
WAFtk SUÜÜlVlblÜNä. 

DO ib8 MB«!iKDPi 

COMPUTE   WAFtM    TOP   UK    [lOTTUM   luUlCAIU,<.    Mbl 
IF   Mb    IS   UÜUf   MbT»i this   SPtClFltb   A   «AFtK   OOTTUM 
IF   Mb   IS   LVtNi   MUI«i THIS   SPtCIFRS   A   wAFLK   TUP 

MBT"2«((Mb+i)/^l-Mb*i 

INITIAL DPST VAKIAULL,. 

ÜPSTiItMbIl«CX(l.lI 
OPSTOtMbTI-CXIbfMCXI 
GO TO (<!0<!t201 I «MbT 

201 DPSTCiMbTJ-DU^KMAI 
GO   TO   2i>i 

202 DPST(<».MBT.,-OlÄM(MAfll 
203 DPST15    ..IttT I-S.SAM»FMASSIMA)/I>t SlK 

BH-HB/2 
0PSTI2    tMbT)»LX(i.n + (CXt<.iJ)-.. MJii) )/KDl*bM 
2LST-0PSTI2»MBT) 
KBASE«! 
JBASE-1 

ENTER iNSlDt WAFtH CALCULAIlUN LOOP. THIS LOOP ÜtFINtS CLOUD 
RISE HISTORY TIMES IN THt CA AKKAY 

COMMUTE OPST TRAVEL 

DO 236 MC*1»KC.-. 
ZVSB'DPST» 2iMBTI-CX(JIMCI 
IF(2VSB)2Ü<»t2lQ«<:lO 

20<» GO TO l206>20a)«K,bASl 

I     ADJUST DPSr RADIUS AND AL I 1 fUUb FOH UAVING CLOUD 

206 KBASE-2 
MD«MC-1 

207 EATM«(2LST-CA( J.ML'I l/(C*l<j .Mül-UP*DNI 
1207  DP&T(3iMBTI>CX(t>tMDl<M xrM«.:xie»MD) 

0PST(   2iMbT)«ZLST*(U('-ÜNi'»f.X1M 

IF   THE   rtAFER   IS  OM   THt   («KOUNOi   JUMP   THE   INNER   LOOP.      IF   NU I • 
COMPUTE   THE   POSH ION   OF   1 HE   "AFER   btLUW   THL   CLOUD   t 'St. 

120S 
GO  TO   «1208.2^1 iJHASf. 
DPSTI   2»MBT leDP^ri    ^ .Mi'I I ♦ 1CX( 6 »MDl-ONI • ( CXI 2 tMU l-Ex I ■■ / 

KSXP ' It. 
RSXP 116 
RSKP 117 
KSXP lie 
KSXP 119 
RSXP 120 
KSXP 121 
KSXP 122 
KSXP 123 
KSXP 12* 
KSXP 12!) 
KSXP 12b 
KSXP 127 
KSXP 12Ö 
KSXP 12V 
KSXP 130 
RSXP 131 
KSXP 132 
KSXP 133 
KSXP 134 
RSXP 13b 
RSXP 13b 
RSXP 137 
RSXP 13« 
RSXP 139 
RSXP 1*0 
RSXP 1*1 
RSXP 1*2 
KSXP 1*3 
RSXP 1** 
KSXP 1*S) 
RSXP 1*6 
RSXP 1*7 
KSXP l*ä 
RSXP 1*9 
RiXP ISO 
RSXP Ibl 
RSXP 152 
KSXP li>3 
RSXP IS* 
RSXP 150 
RSXP lt>b 
RSXP li>7 
RSXP lib 
RSXP ibv 
RSXP 160 
RSXP 161 
RSXP 162 
RSXP 163 
RSXP 16* 
RSXP 16b 
RSXP 166 
KSXP 167 
RSXP 16» 
RSXP 169 
RSXP 170 
RSXP 171 

133 

t—m 



c 
c 
c 

CUM^JTt.   lU Lo»   I.LUUÜ   AiK    UtNSITY   AND   VJätOSITY 

10 6   UP'l-Al biMC I •■.W ju« JHA ( ^ »MC. ) 

CALL    rKPLliyt'jll    iiMbT ) »N^VAtALTlRMifüEMI 
CALL   r«^LltitJill    t .MUt 1 iNPVAiALT«tTAlVIS) 
&u  ro tu 

(.(.IMP'^It    INjlJt.   CLüuu   oAb    LlLNijlTr   ANL>   VISCOSITY 

^10   UP"CA(6«ML I ♦iv^b»ül''-l 1 »ML I 
FC-!ÜMSTll»Mbri-CX(ifMC))/ItAli.MC+l)-CX(i.MC)) 
06N»CXU0iMC)*(C*l 1U«MC ♦! I-C.M iOiMCI ,«FC 
VlS"Vl5CX(MC»*(VlSCX(MC4-X»-Vli.CX(MC) J»FC 

tOMPUTL   FALL   SPttDS 

212   VO^O^STU.Mbl)/Vlb 
Vl'UPSTCuMbT )<,Vü*fHUG 
CDHK"Vl«VÜ»ütN 
IFICURK-WütOi ?0i.7i)U749 

7<*9   IFUSUUT^LI tUIOJ   lu   ?6U 
750 IF(CDRR-<i»l>t*7l7<»Ot7&i«751 
751 wR|TeUS0üT»758IDPST(4tMöTl»0PST<   2»MöTl 

GO   TU   76U 
701   DN'Vl« 141666. / + CUKK» i-<; . 3 J6 Jt + Ü+LUK <« I 2 »üla'f-b. S>:05E-3#CDKK ) I I 

00   TO   765 
760   OLO(>A«ALÜlilU(CDHK)-2U.7/3 

ON»50657.U»V1»CUKK*«( ( JLUoAtULUuA-it^.ye I »0.0011235 ) 
765   t)N-ON«(l.Ü + 0.23 3/(OHSI('*iMbT)»ütN.1 I 

ZNXT«0PST(   2»MbT)*CA(2»Mc)»(UP-0N) 
C 
c 
r. 
c 
c 

c 
c 
c 

HAS TN£ PAKTKLn 
YES TO 220 

NO TO 230 

KtACHLU THt IJKOON- 

IFUNXT-ZrtKST2)220.22ü. 2 50 

COMPUTE UHST TIMt OF AKKIVAL OH   FALLOUT FILtU 

220 EXTM-UbHSTZ-OPSTI 2 .MbT ) ) / (U:J'0N ) 
DPST(l»MbT)«ft-'STi 1^M^JT)•»■LXT^; 
0PST( 2iMbT)«2bKST2 
JBASE«2 
MO-MC 
Pr> TO (1207.233) iKBASE 

2 30 Ur'bTll.MbTI«OPST( 1 .MH I )+C Al 2 .MO 
2LST»DPST(2.MbTI 
DPST(2.MbTI«2NX( 

238 CONTINUE 
233 GO TO (2<«1.24<>0I.MbT 

IF bOlH TUP AND BOTTOM HAVE BEEN TKEATED* ARE THE TOP AND BOTTOM 
RADII THE SAME  

YES TO 5443 
NO TO 2401 

RSXP 172 
RSXP 173 
KSXP 174 
RSXP 175 
RSXP 176 
RSXP 177 
RSXP 17Ö 
RSXP 179 
RSXP IbO 
RSXP 1Ü1 
RSXP lt)2 
RSXP 1U3 
RSXP 164 
RSXP 105 
RSXP 186 
RSXP 1«7 
RSXP laa 
RSXP 169 
RSXP 190 
RSXP 191 
RSXP 192 
RSXP 193 
RSXP 194 
RSXP 195 
RSXP 196 
RSXP 197 
RSXP IVb 
RSXP 199 
RSXP 2 00 
RSXP 201 
RSXP 2 02 
RSXP 203 
RSXP 204 
RSXP 205 
RSXP 206 
RSXP 207 
RSXP 20b 
RSXP 209 
RSXP 210 
RSXP 211 
RSXP 212 
RSXP 213 
RSXP 214 
RSXP 215 
RSXP 216 
RSXP 2.17 
RSXP 21b 
RSXP cl9 
RSXP 220 
RSXP 221 
RSXP 222 
RSXP 223 
RSXP 224 
RSXP 225 
RSXP 226 
RSXP 227 
RSXP 22b 

13G 



I 

241    IF(DPS)T( iti 1-UHiTI i'i i llhhO^iMHOtZh^l 
2hhO    IFLAb«! 

00 TO (2<»0«<:!)6I tMUT 
2*0 HO lUIf»*.^ ./J'J i .».(. A 

i(lS   WRITU J SOU T. 7 771 (L»PiT II »MbT» *!-ltV) »MbTtlFLACj 
2**1  :FLAC.-2 

GO TO (2<»01*2351l >^K/. 
2151 WklTLl ISUt'I.///I IjC.r( i .Mt I l«l«l(UI tMbTtiFLAO 
2401 lF(0PST(2«i i-^iiKbl/ l^'.V.^t.v., HHS 

:      SPtClFY FINAL DHSl AKKAY if- liüTM 1 UP ANÜ büfTUM üf WAFtK ARE UN 
:     THE GROUND 

259   IFLAG>1 
DHST« l>MbT)«0.i»(LiP',: ti.l H-UiPiTl i.i) I 
OP&T(2tMbT)>DHäT(2iil 
OPäT(3iMBT)-ü«5*(UPäT(>il l*ü)-iT (i.^ I ) 
DPST(4.MbTl-SUWTlüfil (4«1)*UPiT(4>2l ) 
DPSTiStMBTlBDPSTISil) 
DP&T(6tMBT)«0. 
OP&T(7fMBT)>0. 
0PST(8*MBTI-0. 
GO TO 5447 

DETERMINE   PAKAMETERi   TÜ   ot   U^EU   TO   SUUD1VIUE   A   MAFEK   WHUäb   TOP 
AND  BOTTOM  HAVE  DIFFERENT   KAUU 

244S   AL-DPSTUiJ )/0K»TI3t2) 
NB-}.141S92 7*UPST(i>2l**2 
KOIP'AL 
IF(KDIP-lS)2442t244<;t2442 

2443 KD1P-10 
GO   TO   2444 

2442    lF(K0IP-2l245U>2444f2444 
2450 IF(AL-lt5)2451f2'«52t24ä2 
2451 K01P-1 

GO TO 2444 
2452 KDIP-2 
2444 2D-DPST(2fl)-0PSTI2«2l 

FK>FLOATIK0IP) 
Dl'ZO/FK 
AU.>0«S*ZO/Al.OQ(AU 

C 
c 
c 

SPECIFY PPST ARKAYi FOR THE WAFER iUbÜlVISIONS 

DO 2445 1'ltKOIP 
FI-FLOAT(II 
A-WST(2.2lf(H-i. )»0l 
8-A^DZ 
Al*AL**(2«0«(b-OP3TI2i2))//Ü) 
A2<Al.*«(2.0«(A-DP&Tl2i2)l//0) 
PPST«2tI I»ALL»<AEO(i(ö.&«( A1*A2» ) l+DPST(2«2l 
PPSTlif Il»DP*T(3.2)»(AL«»((PPST(2il)-DPST(2i2))/lOn 
PPSTd«! )-DP6T(itMbTl 
PP&T(4^n«äURT(DPSTl<»fil«UPST(4i2l ) 
PPSTI 5.I I"DPST(SiMBT)/FK 
PPST(6*n>02 

KiKP 22^ 
HSXP 23Ü 
kiAP 2Ti 
RSXP 232 
KbKP 233 
RiKP 2 34 

KSXP 235 
R&XP 236 
R&ÄP 237 
KSXP 23» 
RSXP 239 
HitKf 240 
RSXP 241 
RSXP 242 
RSXP 243 
RSXP 2 44 

RSXP 246 
KSXP 246 
RSXP 247 
RSXP 24b 
RSXP 249 
RSXP 260 
RSXP 261 
RSXP 262 
RSXP 263 
RSXP 264 
RSXP 265 
RSXP 266 
RSXP 257 
R6XP 25» 
RSXP 269 
RSXP 260 
kSXP 261 
RSXP 262 
RSXP 263 
RSXP 2 64 

RSXP 265 
R6HP 266 
RSXP 267 
RSXP 268 
RäNP 269 
RSXP 270 
RSXP 271 
RSXP 2 72 
RSXP 273 
RSXP 2 74 
RSXP 275 
RSXP 276 
RSXP 277 
RSXP 278 
RSXP 2 79 

RSXP 260 
RSXP 261 
RSXP 282 
RSXP 283 
RSXP 284 
RSXP 286 
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PPäTI7tll*A 
PPSTia»! I«KÖ«AI.L«(A1' 

CONTlNUh 
IP-0 

•Ail 

StT   JP   iHt   uPi T   AKKAY   rOK   A   «AFt*   aUtt^WlSJüM  FKUM   THE   PPST   AHHAY 

00   bhhh   J«1«J 
OPSTCjtMbf l'PHäl ( Jiih1) 
00   TO   (b<toa«ä<»<*/I tIFLAu 

SPbCIFY   FINAL   DPil   AMKAY   FUM   A   wAFbK   M1TH   Cül/AL   bAit   AND   TOP   RA01 

UPST(^iNüT)«IUPäT(^>i)«UP3TUt^) )»U.5 
UPiTC.Mbl i=3UKr( jPjTCii l*UPäT(<»t<ti I 
UPSTI 7.Mdn -upiiuxi) 
OPSTia<MbTI«UPSTt6lMur)*3«i'»iä9^7*UPäTI3«il**2 
GO TO (!>4<»7t^a2<>l ilCKA 

S8i6 «HlTtlJiOUT.066)(DPJTI 1»MUT I.I = lid).MbTfIFLAO 
5<»<.7 lfUHA0)^ii''.Qi2*Jäi 

C 
c 
c 

c 
c 
c 
c 

783 

5060 

5Ü10 

iNlTlALUt   FOH   HOKUUNTAL   MAFtH   SUUOIVISION 

XRaB22 
yR«B22 
HAÜlUi»ÜPiT(i.Mor) 
ilA02*RAOIU&**2 

SPtCIFY  üüPST   AKKAY  FUH   MAFEHS   THAT   AK£  NOT   TO  BE   SUB01V1UED 
HONUONTALLY 

5022   LOüD»HJUü*i 
GOPSri6*L0OO>«0PST(2iMBT) 
GDPSTI^tLODOI'OPäTCttHBTi'l.OE-b 
GOPsr(3iL0L)ui»üP;,n  itMbTi 
GÜPST(5.LüüOI>DPäTIS.MbTI 
GOPST(l«LOUt>l>0.' 
GOPST(2«LUDUI-0. 
GOPSTl7iLOUU)-UP$TI3tMbTl 
Q&f&TittLOODI'OPSTlfrtMSTl 
GOPST(9(LO00)-0PST(7iMBTI 
GDPSTU0tLÜUOI>äPST(e*MbTI 
GO TO 5030 

1003 IF M KR)**2*< YHI••2-HA02i10b1•1001»1002 

SUBDIVIDE MAFcHä HOKUONTALLY AND SPECIFY THE 6UPST AKRAY DATA 

COUNT THE TOTAL NUMBER UF HORIZONTAL SUBDIVISIONS 

1004   EX-BZ2 

RSXP 266 
RSXP 287 
RSXP 288 
RSXP 289 
RSXP 290 
RSXP 291 
RSXP 292 
RSXP 293 
RSXP 294 
RSXP 295 
RSXP 296 
RSXP 297 

I RSXP 298 
RSXP 299 
RSXP 300 
RSXP 301 
RSXP 3Q2 
RSXP 303 
RSXP 304 
RSXP 305 
RSXP 306 
RSXP 307 
RSXP 308 
RSXP 309 
RSXP 310 
RSXP 311 
RSXP 312 
RS/XP 313 
RSXP 314 
RSXP 315 
RSXP 316 
RSXP 317 
F.SAP 318 
RSXP 319 
RSXP 320 
RSXP 321 
RSXP 322 
RSXP 323 
RSXP 324 
RSXP 325 
RSXP 326 
RSXP 327 
RSXP 328 
RSXP 329 
RSXP 330 
RSXP 331 
RSXP 332 
RSXP 333 
RSXP 334 
RSXP 335 
RSXP 336 
RSXP 337 
RSXP 338 
RSXP 339 
RSXP 340 
RSXP 341 
RSXP 342 
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mn 

CV8Z2 
CNT-«*0 

7210 ex-EX*BZ 
IF 1 EX««2*£y••2-RA02I 7201•7^01•720^ 

7201 CNT«CNT^.O 
60  TO  7210 

7202 EX-8Z2 
EY-EV>8Z 
IFIEX«*2>EY*«2-RA02)7201i7201>7203 

7203 CMA-OPäT(&«MBTI/CNT 
1001 LOOO-LOOO+l 

LL-L0D0-f3 
00 1090 J-LU00tLL 
GOPST«9iJ»"OPST<7iMBT) 
GDPST (10* J) -OPST ( 81f'ttT I /CNT 
G0PSTI7«J>-BZ2 
«)PST(8.J)-0PST(6tMBT) 
60PST(6iJ>-0PSTI2tMBT) 
G0PST(<».J)-OPST(<..MBT)*i.0t-6 
G0PST<3.J>-3PST(lfMüT) 

1050 GDPST«5iJ)«CMA 
G0PST(ltLOüO»»XR 
GOPST(2tLO00)-YR 
LOOO-LOOD^l 
GDPST«liLOOOI'XR 
6DPSTI2*LOOO)—vR 
UOOO-LODO^l 
GDPST (l.LOOO)—XR 
GOPSTJ2.LOOO»—VR 
LOOO-LOOO^l 
GDPST (lit. 000) »XR 
G0PST(2ftO0O)-YR 

5030 IFJLOOO- 97)1100(1010»1010 
1100 IFiIRAD)2585«2585fll01 
1101 XR-XR+BZ 

60 TO 1003 
1002 YR"YR*B2 

XR>BZ2 
IFIYR-RADlUSI1003(1003i2585 

i    LOAD THE 60PST ARRAYS ON THE CRN OUTPUT TAPE 

1010 WRITE!IRISEtLOOO 
MRITEIIRISE)(GDPST«l>J)fG0PST(2>J)tGDPST(3»J)fGDPST 
111GDPST(6*J)»GDPST«71JI»GDPST18»JI»GDPST«9•J> »GDPST 
21 
LOOO-0 
GO TO 1100 

2586 GO TO «258 »25861»IFLAG 
2588 IF(IP-K0IPI5445»25B»258 
298 CONTINUE 
278 CONTINUE 

C 
C 
c 

LOAD FINAL RESIDUE OF GDPST DATA ON THE CRN OUTPUT 

1030 WRITE«IRISEtLODD 
WRITE«IRISE)«GDPST«1»JI»GDPST«2»Ji»GDPST(3»J)»GDPST 

RSXP 343 
RSXP 344 
RSXP 345 
RSXP 346 
RSXP 347 
RSXP 348 
RSXP 349 
KSXP 350 
RSXP 351 
RSXP 352 
RSXP 353 
RSXP 354 
RSXP 355 
RSXP 356 
RSXP 357 
RSXP 358 
RSXP 359 
RSXP 360 
RSXP 361 
RSXP 362 
RS«P 363 
RIXP 364 
RSXP 365 
RSXP 366 
RSXP 367 
RSXP 368 
RSXP 369 
RSXP 370 
RSXP 371 
RSXP 372 
RSXP 373 
RSXP 374 
RSXP 375 
RSXP 376 
RSXP 377 
RSXP 378 
RSX? 379 
RSXP 380 
RSXP 381 
RSXP 382 
RSXP 383 
RSXP 384 
RSXP 385 

«4»JI»b0PST«5»JRSXP 386 
(10»JI»J-1»LODORSXP 387 

RSXP 388 
RSXP 389 
RSXP 390 
RSXP 391 
RSXP 392 
RSXP 393 
RSXP 394 
RSXP 395 

TAPE RSXP 396 
RSXP 397 
RSXP 398 

(4iJI»6DPST(5»JRSXP 399 
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II tOUPäTlb<JltOk)H^I(7t Jl tuUfbTIäiJ) tCiUPäTIViJ) tüDPST I IOi J) i J«l (LUDDHäXP 400 
21 RSXP 401 
LüDD-0 RSXP 402 
WRlTb(IHIbtlLOOU R&XP 403 
ENO FILE. IKIäE RSXP 404 
RtWlNU JKlbt RSXP 405 
RETURN RSXP 40t 
ENO RSXP 407 ! 
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SUbRUUTlNb TKPL ( TAPL üOi 
1  AKüt NPKt fAKAi HAHU« VKbI TKPL Oü^ 

TKPL OU3 
••••••••••••*•«••••••«••>•••*•*••••»•»••»•»••■t««**»•••!••••••••••••••TftPL UU* 

TKPL UUb 
TKPL USLi LiNLAK I >41 LHPüL AI 1 ON Tu LuCATb PUbHluN of A«u MlTHiN THPL ÜÜO 
THE ÜN£-01MtNilvJNAL AKKAr kAr^A A/«y tuMPUltb f-UK Tnt tOKKtSPUNU 1 Nu TKPL 007 
POSITION IN THE ONf'OIMtNilONAL AKKAY PAKüI VKb. NPK IS THE TKPL OOd 
DIMENSION OF PAKA ANü HAKb (wHuiL tLtMtNTi LOKKtbPoNÜ ONL To O^tJ.TKPL 009 
IF ARö IS UUTblUt Tut TAbo • itu VALOLi uF ^AKA. /Kb 15 StLECTtO TKPL 010 
FROM THE tOKKESPONUlNii tNL 01 PAKb. TRPL UU 
PAKA IS OKUtKtU FKOM LLAJl  1HAKA lill To jKtAlLit (HAKA (NMOi     TKPL Uli 

THPL 013 
•••••••••••••••••••••••«•««««I •••••• t*«*»>»««»***«*«»*»«»*««»**»*TRPL 014 

TRPL 015 
DIMENSION TKPL 016 

1  PARA (1)* PAKb (1) TRPL 017 
TRPL 010 

••••••••••••••••«•«•••••••«*•*•••••••••#•••••••••«■ »•••t***«**»»*»**«*«TRPL 019 
««••••••«•••••••••••»•••»••«••••««••••••••••••««A «•••••••••••••••TRPL 020 

TRPL 021 
020 IF (ARO - PARA ID) Jii,   022i 040 TRPL 022 
022 MB > 1 TRPL 023 
024 VRB - PARS (MB) TRPL 02<t 
026 RETURN TRPL 025 
040 00 054 MA -2t NPK TRPL 026 

IF (ARO - PARA IMAM u^d. 041 i ub« TRPL 027 
044 MB ■ MA TRPL 026 

GO TO 024 T <PL 029 
048 VRB - (ARU - PAKA IMA - 111 • (PAKb IMAI - PAKB IMA - II« /       TKPL 030 

1  (PARA IMAI - PARA IMA - III ♦ PAKb IMA - II TRPL 031 
00 TO 026 TRPL 032 

054 CONTINUE TRPL 033 
MB ■ NPK TRPL 034 
GO TO 024 TRPL 035 
END TRPL   036 
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SAMPLE PROBLEM AND PRINTOUT 

On pp.   144 through 153 is presented a printout of a cloud rise cal- 

culation suitable for debugging usage.    All quantities are labeled and 

have been discussed fully in the preceding sections.    The atmosphere 

table printout is turned on but the debug printouts are off. 
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APPENDIX A. 2 

SOME CLOUD RISE SIMULATION RESULTS 

To assess the quality of the cloud rise simulation results and to deter- 

mine yield dependence of critical model parameters,  we have performed 

cloud rise simulations for 56 shots for which adequate observed data are 

available.    For this work we obtained observed atmosphere data (pressure, 

temperature, and relative humidity as a function of altitude) for a large 

number of surface and air burst nuclear detonations.     These data were 

used along with known explosion energy yields and heights of burst.    The 

simulated stabilized cloud top, base, and center altitudes then were com- 
A 2 1 pared with observed data taken from Volume V of DASA-1251   '  '  .    The 

results are shown in Figures A. 2. 1,  A. 2. 2, and A. 2. 3.    Results are tabu- 

lated in Table A. 2. 1.    The figures and the table show data for 54 shots; 

data for two shots are classified and are omitted.    Comparison of observed 

with calculated data for these shots was used to determine values for the 

moiiel parameters F,  k  ,  and k    (see pp. 17,   18 ).    Considerable sensi- 

fcivity was found to parameters F and k    (and to atmospheric stability as 

well). 

With regard to accuracy of experimental data,  we can expect that cue 

pressure-temperature-altitude data are adequate.    The stabilized cloud 

altitude data,  however,  are virtually always suspect.    Indeed, we have no 

way to determine the possible range of error for individual data.    Particu- 

larly suspect are stabilized cloud base altitude data,  since we know, from 

personal observations of cinefilms of the late clouds from many shots, that 

a cap case altitude is usually difficult to define with precision.    We did not 

include comparisons of stabilized cloud radii because there are relatively 

few reliable observations of cloud radii and,  in any case,  a stabilized 

cloud radius is virtually impossible to define since nuclear clouds never 

really cease their horizontal expansion. 

Mr.  Robert Tompkins of the Nuclear Effects   Laboratory and Mr.  Philip 
Allen and Mr.  Jack Pales of the ESSA Research Station,   Las Vegas,  Nevada 
went to great trouble to gather data and information for us.    This work 
would not have been possible without their help. 
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On the whole,  the comparisons are satisfactory,  though there does 

seem to be a trend to underestimate cloud top height through most of 

the midyield range.    There are many cases of excellent agreement.    It 

is perhaps significant that this is particularly true for the cloud top data 

for which we should have the most accurate observations. 

In Figure A. 2. 4 we have the complete simulation history in terms of 

cloud top height,  base height,  and radius,  for a 15 MT surface shot in a 

tropical atmosphere.    The simulated data are reproduced in the Sample 

Problem and Printout section above.    These results can be compared 
A 2 2 with observed data for shot CASTLE Bravo   '   '  .    The agreement is quite 

gratifying. 
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TABLE   A.2. 1 

OBSERVED AND COMPUTED CLOUD TOP, 
BASE AND CENTER HEIGHTS 

OBSERVED 
COMPUTED 

Shot Yield 
(kT) 

Top 
Height (m) 

Base 
Height (m) 

j 11 
Center 

Height (m) 

HJ-33 7.8 x 10"3 1050.0 
1104.1 

592.8 
974.8 

821.4 
1039.4 

l 

HJ-25 2. 1 x 10"2 1350.2 
1431.3 

283.4 
1240.6 

816.8              ! 
1335.0              | 

HJ-18 2.4x 10"2 1759.9 
1969.4 1739.7 1854.6              | 

HJ-17 3.6 x 10"2 1939.7 
2489.8 

568. 1 
2161.6 

1253.9              l 

2325.7              ! 
i 

HJ-9 7.85 x 10'2 2266.7 
1790.4 

1047.5 
1507.5 

1657.1              ] 
1648.9 

1 

:     HJ-3 8. Ox 10"2 1924.5 
1900.2 

857.7 
1602.7 

1391.1             j 
1761.5             \ 

HJ-12 8.4 x 10"2 1722.4 
1355.6 

960.4 
1124.2 

1341.4 
1239.9 

HJ-19 9.2 x 10'2 

1                         ! 
2870.6       i     2108.6             2489.6             | 
1659.2       |      1386.8       i      1523.0 

HJ-22 1. 15 x 10"1 

!                  !                      i 

1652.9       '        738.5       !      1195.7              j 
14i7.1               1181.9              1309.5 

P-3 1.4 x 10'1 

!                  !                      1 
3771.5              2918.6              3360.1 
2620.0              2198.7       ■      2409.3              ; 

P-22 1.97 x 10'1 

!                           i                                 1 3739. C              2825.4              3282.6              [ 
2834.5       1      2360.1              2597.3 

l                                                             i 

UK-3 2.0 x 10"1 2833. 1 
2353.8 

i 

1949.1              2391. J 
1945.5       |     2149.7 

L                                                .                                                           ! 

I 
I 
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TABLE A.Z. 1 (cont. ) 

OBSERVED AMD COMPUTED CLOUD TOP, 
BASE AND CENTER HEIGHTS 

OBSERVED 
COMPUTED 

1        Shot Yield 
(kT) 

1          ToP 
1     Height (m) 

Base 
1    Height (m) 

|      Center 
Height (m) 

UK-5 2.1X10'1 |         2642.6 
5         1944.3 

1088.1 
i        15Q0. 3 

1865.3            ! 
1767.3            | 

|     SB-2 B.OxlG'1 j         3444.2 
i         1989.4 1611.0 1800.2            | 

|       P-24 1.22x10° 1         4591.5 
j         4564.8 

2762.7 
3633.9 

3677.1            j 
4099.4 

|     HJ-34 1.25 x 10° 
3753.3 
3400.7 

2229.3 
2666.6 

2991.3           \ 
3033.6            \ 

j     HJ-13 1.5 x 10° 3448.5 
3827.2 

1924.5 
2996.6 

2686.5 
3411.9 

1       P-10 1.73 x 10° 
6004.5 
3933,4 3016.4 3474.9            [ 

j     HJ-8 2. Ox 10° 
3904.4 
4095.0 

1314.9 
3177.8 

2609.7 
3636.4 

I     HJ-29 2.5 x 10° 3600.9 
3727.4 

1314.9 
2847.8 

2467.9            j 
3287.6 

P-19 4.7 x 10° 8249.1 
4843.4 

4896.3 
3648.7 

6572.7           1 
4246.0           1 

HJ-28 4.9x10° 
6529.7 
4207.8 

2414.9 
3136.6 

4472;. 3            ( 
3672.2            I 

HJ-21 6.2x10° 6206.9 
5080.2 

4378.1 
3783.9 

5292.5            i 
4432.1 

P-30      | 8.0 x 10°       | 
10755.1        i 
5582.2        j 

6487.9 
4130.5      j 

8621.5           ! 
4856.3           | 
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TABLE   A. 2. 1 (cont. ) 

OBSERVED AND COMPUTED CLOUD TOP, 
BASE AND CENTER HEIGHTS 

OBSERVED 
COMPUTED 

Shot Yield 
(kT) 

Top 
Height(m) 

Base 
Height (m) 

Center 
Height (m) 

P-12 9.7 x 10° 9230,8 
7370,3 

4658.8 
5483.6 

6944,8 
6426.9 

P-5 1.03 x 101 9226.2 
5534.7 

6178.2 
4039.8 

7702.2 
4787.3 

P-ll 1.03 x 101 7068.6 
7000.1 

4630.2 
5178.9 

5849.4 
6089.5 

UK-4 1.05 x 101 10043,1 
7476.7 

6995.1 
5521.7 

8519.1 
6499.2 

P-17 1.07 x 101 9835.8 
6719,6 

5263,8 
4948.2 

7549.8 
5833,9 

P-25 1. 14 x 101 10811,2 
6969,5 

6848,8 
5130.5 

8830.0 
6050.0 

P-29 1. 14 x 101 8011.6 
6099.6 

4354.0 
4451. 1 

6182,8 
5275,4 

P-21 1. 15 x 101 9829,8 
6619.1 

3733.7 
4856.1 

6781,8 
5737,6 

P-2 1. 15 x 101 8615.1 
9684,8 

5567. 1 
7233. 1 

7091.1 
8458.9 

P-26 1. 18 x r1 8020,5 
7272.0 

4058.1 
5350.3 

6039.3 
6311, 1 

UK-10 1. 5 x 101 9876.5 
5719.3 

5547.3 
4100. 1 

7711.4 
4909,7 

P.16 1.65 x 101 8264,3 
7832.7 

3387,5 
5691,0 

5825.9 
6761.8 
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TABLE   A. 2. 1 (cont. ) 

OBSERVED AND COMPUTED CLOUD TOP, 
BASE AND CENTER HEIGHTS 

OBSERVED 
COMPUTED 

Sho 
Yield 

(kT) 
Top 

Height (m) 
Base 

Height (m) 
Center 

Height (m) 

P-9 1.7 x 101 8239.0 
7606,6 

4581.4 
5508.4 

6410.2 
6557.5 

UK-1 1.71 x 101 11177,0 
7865.8 

7214.6 
5711.3 

9195.8 
6788.5 

P-28 1.85 x 101 7624,2 
7713,6 

3966.6 
5565.9 

5795.4 
6639.8 

P-14 1.9 x 101 9544,5 
7802,9 

6496.5 
5621.7 

8020,5 
6712.3 

UK-2 2.4x 101 11244.0 
7810.3 

6824.4 
5566.5 

9034,2 
6688.4 

UK-6 2,5 x 101 9512.8 
6809.5 

5550.4 
4797.2 

7531.6 
5803.3 

UK-8 2.6 x 101 11125. 1 
8230.7 

7101,8 
5846.5 

9113.5 
7038.6 

UK-9 3.23 x 1C1 11640.3 
9847.6 

7068.3 
6996.9 

9354.3 
8422.2 

P-6 3.66x 101 11955.4 
9135.0 

6164.2 
6413,5 

9059.8 
7774.3 

RW-1 3.95 x 101 11582.0 
7410.2 

6096,0 
5180.3 

8839.0 
6295.3 

P-20 4.4 x 101 10003.8 
10370.4 7248.5 8809.5 

UK-7 4. 5 x 101 12027.0 
10647.6 

8680.7 
7458.0 

10353.9 
9052,8 
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TABLE   A. 2. 1 (cont. ) 

OBSERVLÜ AHL» COMPUTED CLOUD TOP, 
BASE AND CENTER HEIGHTS 

OBSERVED 
COMPUTED 

. 

*■ 

Shot Yield 
(kT) 

Top 
Height (m) 

Base 
Height (m) 

Center 
Height (m) 

UK-11 6.Ox 101 11381.5 
11384.6 

9034,5 
7852.4 

10208.0 
9618.5 

P-8 7.1 x 101 12883.8 
11013.5 

8921.4 
7502.0 

10902.6 
9257.8 

C-3 1.5 x 102 16154.4 
11552.9 7627.I 9590.0 

RW.3 3.38 x ID3 24079.1 
25195.3 

14935.1 
13623.3 

19507.1 
19409.3 

RW-16 4.6x 103 30175.1 
26613.4 14017.4 20315.4 

C-l 1.5 x 104 36576.0 
34821.9 

18897.6 
16492.9 

27736.8 
25657.4 

Key: 

u 
S 

R1 

C 

[J is Hardtack II 
P is Plumbob 
K is Upshot Knot 
B is Sunbeam 
W is Redwing 
;    is Castle 

.hole 

The shot numbers are those given in DASA-1251,  Volume II. 
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PART   3 

CLOUD RISE-TRANSPORT INTERFACE MODULE 
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AROOM 

INTRODUCTION 

The function of this module of the DELFIC system is to provide liaison 

between the cloud rise and atmospheric transport portions of the system. 

It is available to perform whatever data modification and/or processing is 

required to accomplish this.    In its present form the system demands rela- 

tively little of this module.    The module is used to accept some additional 

dala and to adjust the fallout parcel positions to account for wind transport 

during the time period of the cloud rise. 

In this r<   ised version of the CRTIM,  we have deleted the "option (b)M 

capability that was included in the previous version of subroutine LINK4. 

That is,  the module no longer can accommodate a particle input that varies 

spatially in two dimensions in a continuous fashion.    Also, only one binary 

particle output,  the wind-drift corrected output, now is prepared.    Sub- 

routine WNDSFT has been revised and reprogrammed in many parts.   This 

has been done to increase the accuracy of its results.    Functionally, it is 

intended to serve the same purpose as before. 
f 

1 
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METHOD OF CALCULATION 

Using the binary output of the Cloud Rise Module,  which is contained 

on logical storage unit IRISE,   subroutine WNDSFT corrects the x and y 

coordinates of each fallout parcel for wind-drift during the time period 

of the cloud rise. 

To perform the wind-drift corrections we require a table of wind 

vectors as a function of altitude over ground zero,   the altitude profile 

of atmospheric viscosity and density (to be used for particle settling 

rate calculations),  and tables of cloud bottom altitude,  top altitude, 

bottom rise velocity,  top rise velocity, and the corresponding times. 

All of these data are contained in the input from the Cloud Rise Module. 

With this information we can separate the problem into two parts: 

(1) the calculation of the lateral displacement of those parcels that leave 

the cap to form the stem,  and (2) the lateral displacement of those parcels 

that remain in the cap.    For the latter part we simply compute a table 

of cloud center displacements as a function of time.    This table will 

then supply wind-drift displacements for all   parcels   (i.e.,  cloud 

subdivisions) during their time of residence in the cloud cap.    For 

stem   parcels   the calculations are more complex.    In the calculations 

described here,  the vertical thickness of the fallout parcels is ignored; 

we consider their altitudes to be given by the point positions of their 

centers of mass.    Let us consider first the calculations of displacements 

for the cloud cap. 

We compute the lateral dxift of the cap by allowing the winds at each 

stratum of atmosphere,   as defined by the wind  data table,  to act on the 

cap during the time the cap is in tKi;    t ratum according to 

Ax. = v     At.,   Ay. = v     At. , 
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where Ax. and Ay. are the components of the cap center displacement in 

the jth stratum of the atmosphere,  vx. and Vy. are the components of the 

wind velocity in the jth stratum,   and At. is the time the cloud spends in 

the jth stratum.    The total displacement of the cap D is 

5 -J. ("'A+ "A) • '3-" 
where u    and u   are unit vectors in the x and y directions.    This displace- ~oc ~y / r 

ment is applied to all parcels whose final z coordinates are equal to,  or 

greater than,  the final cloud bottom altitude. 

To explain the wind-drift calculations for parcels that have fallen 

through the cloud bottom during   the cloud rise, we refer to Figure 3. 1. 

Let the time and altitude coordinates of the parcel (i.e.,  cloud subdivision), 

as they are input to the CRTIM,  be t,   and z. .    In the figure, the cloud 

bottom time history is given by the solid curve and the time and altitude 

at which the parcel passed through the cloud bottom are t    and z  . 

WNDSFT computes the parcel settling motion backward in time (i.e. , 

upward through the a mosphere below the cloud), while over the same 

time increments it b.eps backward through the cloud rise history table 

to determine the cloud bottom altitudes.     Li this way,   the parcel 

and cloud bottom altitudes finally converge,   and thus  the  time, 

t ,   is  determined.     During this  back calculation,   time   steps 

are chosen to be the lesser of the time intervals   required,   on 

the one hand,  for the parcel to traverse a wind hodugraph stratum, or on 

the other, for the cloud bottom to advance downward one cloud history table 

time increment.    For each time step,  wind-drift increments are added to 

the overall displacement components for the parcel.    For the time increment 

between the cloud rise calculation initial time,  t., and t  ,   displacement 

increments arc determined from the cloud cap trajectory table by linear 

interpolation and these are added to the below cloud displacements. 
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Figure 3. 1     Time-Altitude Relationship of the 
Cloud Cap Bottom and a Fallout 

Parcel Trajectory 

The parcel time coordinates,  t. ,  are not all equal,  but if a particle 

is still air borne when input to the CRTIM, t.   will equal the Cloud Rise 

Module calculation termination time (i.e. ,  the effective cloud stabilization 

time).    For parcels on the ground,  however,  t   is the time of impact. 

With this time information available,   subroutine WNDSFT can compute 

wind-drift adjustments for grounded particles as well as for air-borne 

particles. 

During the Cloud Rise Module calculations,  the origin of space 

coordinates is at mean sea level in the vertical and at ground zero in the 

horizontal.    Time is relative to detonation time.    In the CRTIM,   time 

and horizontal space coordinates of all fallout parcels can be translated 

to refer ic user specified origins. 

.171. 



AF^OOM 

PROGRAM DESCRIPTION 

1 

The Cloud Rise - Transport Interface Module consists of two major -* 

subroutines:   an executive program LINK4,  and WNDSFT.    Subroutine 

LINK4 is a very simple program that does no more than: (1) read the _ 

header data from the Cloud Rise Module output unit, IRISE; (2) read ] 

from the operating system input unit the CRTIM run identification, 

an array of control integers,  and,  the x, y, and t translation components , | 

XGZ,   YGZ,   TGZ,  to be added to the corresponding coordinates of each 

fallout parcel; (3) write the header data on the CRTIM binary output unit, 

JPARIN;   and (4) call subroutine WNDSFT. 

Subroutine WNDSFT adjusts the horizontal coordinates of all of the 

fallout parcels as described in the Method of Calculation section.    The 

wind data read by LINK1 are used. After the horizontal coordinates   are 

adjusted for wind drift,and these coordinates and the time are translated 

by amounts XGZ,  YGZ,  and TGZ,  the parcel data are copied onto the 

CRTIM binary output tape, JPARIN, and also printed,  if printing has been 

requested.    Flow chart FC-3. 1 gives an organizational view of logical 

flow through subroutine WNDSFT. 

Logical output unit JPARIN is written in the binary mode and is 

given the identifier name JPARIN.    Its ccntents are described in detail 

in the User Information section.    In addition to subroutines LINK4 and 

WNDSFT,   the CRTIM also uses subroutines ERROR and FALRAT,  the 

general utility error program and the particle settling rate program. 

These subroutines are described in DASA-1800-VII and DASA-1800-IV 

respectively. 
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COMPUTE HORIZONTAL DISPLACEMENT 
VS TIME FOR CLOUD BOTTOM CENTER 

Q 
READ CELL PARAMETERS 

FOR A SPECIFIED NUMBER OF CELLS 

FIND WHEN AND 
WHERE PARTICLE 
LEFT THE CLOUD 

T 
COMPUTE SHIFT IN 

COORDINATES ACCORDINGLY 

L> 

YES JRETURNj 

COMPUTE SHIFT IN 
COORDINATES ACCORDINGLY 

V WRITE OUTPUT ON TAPE JPARIN 
WRITE OUTPUT ON SYSTEM OUTPUT TAPE 

V^     IF DESIRED  ) 

FC-3.1.    Organizational Chart 
of Subroutine WNDSFT 
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USER INFORMATION 

INPUT 

Inputs to the Cloud Rise-Transport Interface Module (CRTIM) are of 

three categories: 

1.    Inputs from COMMON core storage via COMMON/SET 1/. 

Z.    Inputs from a binary mode storage unit,  logical designa- 
tion IRISE, that contains outputs of a cloud rise calculation. 

3.    Inputs from cards via the operating system input unit. 

COMMON/SET 1/Input 

COMMON/SET 1/ and its contents have been described in detail in 

Part 2 (see Table 2.2).    There are no changes made in the COMMON/SET 1/ 

contents in the CRTIM. 

..inary Tape Inputs 

The binary input to the CRTIM is fully described in Table 2. 5 of Part 

2 and does not require further amplification here. 

Card Inputs 

Card inputs to the CRTIM are described in detail in Table 3. 1.    Cards 

2 and 3,  however,  require additional explanation. 

In its present form only two of the 18 elements of the control parameter 

array iC(J) is in use.    These are IC(3) and IC(4).    A value of IC(3) i 0 causes 

the particle contents of tapes IRISE and JPARIN to be printed.    A value of 

IC( '.) = 0 causes the printing of these tapes to be omitted (see the dir<cussion 

in the Output section).    A values of IC(4) I 0 produces an output of working 

values of parameters in subroutine WNDSFT.    These outputs are placed 

in the   program after statement numbers 278,   300,  and 320 and occur after 

each passage through these statements.    The data produced are useful for 

trouble-shooting in subroutine WNDSFT. 

Up to the time of the CRTIM calculations all x and y coordinates are 

relative to ground zero and time is relative to detonation time.    By means 

of card 3,  the x,  y,  and t coordinates of all particles can be shifted (via 

addition of XGZ,   YGZ,  and TGZ) to a different origin. 
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TABLE 3. 1 

CRTIM INPUT DATA FROM THE OPERATING SYSTEM INPUT UNIT 

Card Variable Names 
Nunber Content and Formats 

1 CRTIM identification card. PSEID(J),  J=l,   12 
(12A6) 

2 Control indices.    All IC(J) = 0 
except IC(3).    If IC(3) t 0, tlie 
complete particle output (both 
unskewed and skewed clouds) will 
appear on the s/stem output unit. 
If IC(3) = 0,  only unit JPARIN 
will be written.    As the CRTIM 
program output is voluminous, 
we suggest setting IC(3) = 0 to 
save computation time.    If IC(4) 
^ 0 a special trouble-shooting 
output is printed by subroutine 
WNDSFT (see text). 

IC(J),  J=l,   18 
(1814) 

3 x and y coordinates of ground XGZ,  YGZ,   TGZ 
zero (m),  and detonation time (3E12.5) 
(sec). 
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OUTPUT 

Printed output from the CRTIM is essentially completely labeled 

and needs little discuusion here.    An example of this output is provided 

in the Sample  Problem and Print Out section.    All of the essential 

input data are printed including the particle size class data, atmosphere 

tables, and the cloud trajectory table calculated in subroutine WNDSFT. 

In addition, if control parameter IC(3) in not zero, the complete particle 

contents of both tapes IRISE and JPARIN are printed.    Since this latter 

output i    voluminous, we suggest that it be requested only for debugging 

purposes.    To eliminate thip output, assign IC(3) = 0.    The trouble- 

shooting output produced by subroutine WNDSFT when IC(4) ^ 0 is use- 

ful only to the programmer-analyst who is intimately familiar with the 

code and its functions.   It should never be requested during routine use 

of the code. 

Contents of the binary CRTIM output unit JPARIN is described in 

Table 3. 2. 
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TABLE   3.2 

CRTIM BINARY OUTPUT (UNIT JPARIN) 

■ 

I 
I 

1 1 

Record 
Number Content Variable Names 

1 Tape identification   word (JPARIN) DENTI 

2 Fission yield (kT),  mass of the FW,  SSAM, 
cloud soil burden (kg),   soil SLDTMP, 
solidification temperature (0K), TMSD,  SD,   TW, 
time at which the cloud reached HEIGHT,  XGZ, 
the soil solidification temperature YGZ,   TGZ,   BZ, 
(sec),  geometric standard deviation ROPART, 
of the lognormal particle-diameter IPAD,   RADMAX. 
volume-frequency distribution. ZBRSTZ 
total yield (kT), height of burst 
above msl(m), x coordinate (E-W) 
of GZ(m),  y coordinate (N-S)  of 
GZ(m),  detonation time (sec),  base 
edge length of the basic cloud sub- 
division (m),  fallout particle density 
(kg/m3),  the horizontal cloud sub- 
division parameter IRAD,  maximum 
cloud radius (m),  height of ground 
zero above m8l(m). 

3 CRTIM run identification PSEID(I),   1= 1, 12 

4 Cloud Rise Module run identification CRID(I), 1=1,12 

5 

| 

Initial Conditions Module run ident- 
ification 

DETID(I), 1=1,12 

6 Number of particle size classes NDSTR 

7 Particle size class tables: central PS(I),  FMASS(I), 
particle diameter (M-m),   volume DIAM(I),  I = 1, 
(mass) fraction,   particle diameter NDSTR 
at the upper boundary of the size 
class (um). 

8 Number of (altitude) entries in the 
atmosphere description tables 

NAT ( = 256) 

9 Atmosphere tables: viscosity 
(kg/(m-sec)), density (kg/m^) 

1 

ATEMP'l), RHO(l), 
[ = 1,  NAT 
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TABLE 3.2 (con't.) 

CRTIM BINARY OUTPUT (UNIT JPARIN) 

Record 
Number Content Variable Names 

10 Parcel description block count NP 

11 Block of parcel (cloud subdivision) 
descriptions: x, y, and t coordinates 
(m and sec),  size class central 
diameter(m)lmas8 of fallout in the 
parcel (kg),  altitude of parcel 
center of mass above msl(m), 
parcel radiua (m), vertical thick- 
ness of parcel (m), altitude of 
parcel base above msl (m), parcel 
volume (m^). 

XPAR(I), YPAR(I), 
TP(I), PSIZ(I), 
PMAS(I), ZPAR(I), 
RWAF(I), DWAF(I), 
ZLOW(I), VWAF(I), 
I = 1, NP 

12 Block count 

13 

• 

• 

Block of parcel descriptions 

• 

• 

14 Zero block count NP = 0 

-I'd-. 

! 



AF900ISI 

[■ OR TR AN LISTINGS 

The FORTRAN listings are included on pp.   180 through   192.   Note 

that the glossary of mnemonics for both subroutines LINK4 and WNDSFT 

is at the beginning of subroutine LINK4 (p.   180). 

LIST OF FORTRAN LISTINGS 

Page 

LINK4 180 

WNDSFT 185 

FALRA.T 192 
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iUUHoUlINL 

CLUUU   Mlit. 
AHCUN   Ntt/I 
AfLMr(11 

»/ 
CKlL)( Jl 
ULNT 
OtUUlJ) 
ÜMMI 11 

DMAFtl) 
OX 

UY 

FV 
FM 
HtlCjHT 

IHlSt 

IHHUH 
ISIN 
I sour 
JPAR1N 

MHÜDU 
MPUS I T 
WAT 

NHOÜU 
NPü»ir 

PMAS I 1 I 
PHUCJKM 

PSUI 

FStJUlJ» 

P&UI I I 
HAOMAX 
KHU(1) 

KOPAKT 
HV 
HMAFIIt 
SO 

LINK«)    I ituM \ '\<  I L, 
-    li'AN^»' JiM    iNttHFACS   MuüLlLt   HAIN  PNUtekAM L 

UTSAMU    «litJiirr   UF   A1K   AT    li-i)»i!00   MLUKj AbUVt   MiL   L 
K.   UlLUUKAMb   l'LK   MtrtM-buCJNÜ L 
L\) JL   ut^ufM   ("id-jl    <J)    A   oAolt   i'JUAKt   bAbtU CLUUO   CtLLL 
(.LUUU   i<Ibt    Wu  .1 .f 1 LA! lu »   (.AMU.       J"itl<; 
BtU   '»Ml    Of     IAPL   fKuM   LLJULJ   Ki&b    M'<OOKAM»   UtNT    •    iHibt 
UtlJUxIlUrt    IL/L <' If- 1 CAf lo 4   (.AKult      J'ltil 
AHrtAfUJiM    ^cPl k   UJU^UAWY   JK    TMt    1-IM   HAKTICLt   iUt 
^LA,3t    M,       Ajl    i  (IHT    IN   tMt   DIAM   AHKAT   lb   fMt   LOWEK 
tJOÜNyAW*   i.t     'HI.   ^Abf (^MALLtsTI    PAHfULt   Slit   CLASS» 
tHt    LLNüIM    if    \hk   ulAM   AKKAr    |b   ALoAYS   ÜNt   üKtATtM   TMAML 

IHL   NUMliLH     '•     jl/t    CLAobtSt    (MICHUMbTEKSI L 
aAt-LN   VtKllLAL    iMKHNtSS   (MtTcNS) 
wlNU-SHlM    .UUKH-IIJN    fu  bt   ALIULU   '0   THt   PAKTRLt   X 
COOHDINAIi; 
Ml<MU-SHiM   .j'iHL^n JU  lu at Auotu Tu Int PAHTlCLt Y 

CüOHÜINAI»-. 
STILL   AlK   PAwriCLt   bLIlLlNO   KAfL 
F1SSIUN   Y1LLU    UT) 
MLlL.Hr   UF   ÜJUSr    (Mb It HS I    ABOVb   WOUND   iLHO 
LUNHUL    iNDICbS«      .J'l.id 

KI3)>Ü     Üü   NOT   PHINT    LISTS   JF   PAHTICLt   OUTPUTS 
lUJI«!     PhiNT   LUM-'LuTt   LISTS  OF   PAHTICLt   OUTPUTSFOKL 

UOlH   IML   AX1ALLY   SYMMETRIC   ANU   w INÜ 
ÜlblUHlLU   CLUUOS 

LOOICAc   NUMbtH   AND   I UtNT 1FICAT U'N   NAMt   OF   THE   CLOUD 
HISt   MOOULt   ÜUIPUT    TAPt 
NUMUtK   UF    StATtMLNT   NtAK   nKHEKE   AN   tHHUH   WAS   DISCOVEHED 
NUMbtH   üF   SYSItM   INt'UT   TAPE 
NUMbEH   OF    SYblU»^   OUTPUT    TAPt 
LOOlCAL     JOMtiH'    )l    TAPE   UN   MHlCH   IS   WHITTtN   PAHTICLt 
POSITION.»   H'UUjiLu   FUH    TKANSPOHT   bY   MINUS   OUHlNb   CLOUD 
HISt 
NHUOU-i 
NPUSIT*i 
NUMbtH   OF    AD I i .a 

NAT»<;bfa 
NUMdLK   UF 
NUMbtH   vJK 
CX    (Sit    UA5A«i8ÜU 
TOI AL   ( AH t KULATt 

STHATA   IN   THt  ATMjSPHbHE   TAbLtS» 

ELLMtN'S   IN   : 

I I Mt    Lid.dLo 
III I 
MASS 

Ht 
IN 

MlNO HOOObHAPH 
THt CLOUO HISt HISTOHY 

L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 

TAbLtSL 
L 

U'jM)   UF   MAFtP 
bCU   NAME   ./F   PHUtHAM 
CENIHAL   PAHTKLt   ülAMtlt-H 
PAKflCLt.   ^Ut   '.LASS 
HUN   IÜI.NIIF KATION   FUH   THt 
lNTtH>A<.t   MUUULtt J'ltli 
MIUP'JI 4l    (MEILHS)   OF   wAFtH   PAHIlCLt 
MAXIMUM   CLJUU   PADIUS   (MtTEKS) 
ATMOSPHEMIC   ÜLNSITY   AT    (I-i)»iOU   MtTtHS   AbüYt   MSL   IN 
KlLU'iHA ^   PtH   .ObIC   MtTtH 
SOIL    IPAH'ICLU   UtNSlTY    IN   HILUOHAMS   PRK   CUbIC   MtTtH 
UPWAHU   '.'JMfUNtNT   UF   VhLUCITY   UF   A   STtM  I'AHMCLt 
HAUIUS    IM,  ItH;.J   UF   MAFtK   AT    CtNTtH   UF   MASS 
PAHM'at     ,\it   OLUMtTHlL   STANUAHO   OtVlATIUN 
(OlMtN , I UNIc SS) 

IMICRONS)   UF   iMt   J   TH 

<i uii.-i   HISt   -   TH'iNSPUHl 

:, UE   CLASS 

MSL 

INH.'.OÜi 
lNX.'»Oüi 
iHWIOi 
iNXi^OO'. 
INK. 400» 
1NK4006 
INK40Ü7 
1NK4Ü0« 
INK, ^009 
INK^UlO 
INK^Oil 
1NIC4012 
lNX,<.0i3 
INK4014 

INK^Oi? 
iNn^'iia 
1NK4019 

INK402i 
lHKk022 
1NK4023 
1NK4024 
IHKhOii 
1NK4026 
1NK4027 
1NK4028 
1NK4029 
INK' J30 
INK. 4031 
1NK4032 
INK4Ü33 
lHKWi<* 
lNK,40i5 
1NK403S 
iNK4037 
1NM034 
1NIC4039 
1NK4040 

1NIU0O 

1NK404S 
1NK4046 
INK4047 
IHKUOkä 
1NK4049 
lN<405ü 
INK.4ü5i 
INK40&2 
1NM0S3 
1NK.4Ü5'. 
1NK4ÜSS 
INK.'tO&S 
1NK40&7 
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SLUTMP     SULlÜlflCAtlUN fLMPtHAIUKt (Utü. K) Of   iUIL 
SSAM       MAS& (Kb) <> THk CLOUD SOIL DUHUtN 
TCIII      TiMfcdltLATIVL TU LtlüNAriUN UFITHL I-IH CLOUD HISE 

TAbLb ENTHY 
TCUM       PARTICLE IIMt COUKUJNAIb UUH1N(J A rilNO DRIFT 

AUJUSTMtNT CALCULATION INCKbMtNT 
T62       HMt OK DETONATION 
TM&D       TJMEISl.L) RELATIVE TO SHOT TIME AT MHlCH THE CLOUD 

REACHED THE SOIL t>UL iÜlF 1CAT 1UN TEMPEKATURE 
TPdl      TIME OF ÜLUNl'IU* (&ECI UF THE I TH CLUUD CELL 
TW        TOTAL YIELD Mt I 
VBIII      CLOUD BOTTOM VEL«  OF THE 1-TH CLUUD RISE TABLE ENTRY 
VCdt      VELOCITY AS&OCIATEO tflTH CLOUD AT iCdl AT TUI).  1-1 

NPOSIT 
VTIII      CLOUD TOP VELOCITY OF THE I-TH CLOUD RISE TABLE ENTRY 
VXII)      X MIND COMPONENT OF THE 1TH MIND STRATUM 
VYII)      Y MIND COMPONENT OF THE ITH WIND STRATUM 
VWAFU)    WAFER VOLUME (CUBIC METERS) 
XCUI      X COORDINATE OF THE CLOUD CAP CENTER FOR THE ITH CLOUD 

RISE TABLE ENTRY AFTER WIND SHIFT ADJUSTMENT 
XG2       X COORDINATE UF dHOUND ZERO   (METERS) 
XPARI1)    X COORDINATE OF CELL I WRITEN ON THE OUTPUT TAPES 

(METERS) 
VCU)      V COORDINATE OF THE CLOUD CAP CENTER FOR THE ITH CLOUD 

RISE TABLE ENTRY AFTER MIND SHIFT ADJUSTMENT 
Y62       Y CQORDINA'E OF (.ROUND ZERO (METERS) 
YPAR(I)    Y COORDINATE OF CELL I WRITEN ON THE OUTPUT TAPES 

(METERS) 
2BII)      CLOUD BOTTON ALT«  OF THE l-TH CLOUD RISE TABLE ENTRY 

(METERS ABOVE MSL) 
2BRST2    ELEVATION OF OROUND 2ERUIMETERS ABOVE M^LI 
2CUI      CLOUD CENTER ALT«  OF THE l-TH CLOUD RISE TABLE ENTRY 

(METERS AUOVE MSLI 
2CUR      PARTICLE ALTITUDE AT THE BEGINNING OF A WIND DRIFT 

ADJUSTMENT CALCULATION INCREMENT 
2LOW(l)    ALTITUDE OF WAFER BOTTOM (METERS) 
2PAR(I)    2 COOROlNAlk .) ULL I WRITEN ON THE ÜUIPUT T/PES 

(METERS ABOV( M:,L I 
2TII)     CLOUD TOP ALlI'oUi. OF THE l-TH CLUUD RISE TABLE ENTRY 

(METERS ABOVE MSL< 
2TEMP      TEMPORARY STORAGE OF THE I   COORDINATE OF THE 1ST SMALL 

CELL WITHIN EACH LAROt CELL 

COMMON /SETI/ 
KAY      •DETIDI12) 
2FMAS6(200)ilDlSTR 
3NOSTR     •PS(200) 
*TMP2     tT2M 
»2SCL INHOOO 

tDIAM(201) 
«IEXEC 
«SD 
tUSOlL 
• 2V(<!00) 

•DMEAN 
•1RISE 
iSSAM 
• VPR 
*VX(200) 

• DNS 
•ISIN 
• TME 
• w 
• VYl «-ÜO» 

• EXPO 
•ISOUT 
»TMPi 
•HCI&HT 

THIS PROGRAM PREPARES INPUT FOR THE TRANSPORT MODULE.  IT 
CALLS SUBROUTINE WNDSFT WHICH APPLIES WINDS FOR THE PEKIOD OF 
CLOUD RISE AND PUTS THt. RESULTING DATA IN TRANSPORTABLE FORM ONTO 
TAPE JPARIN, 

LINX^OSB 
LINK405V 
LlNK<»ObO 
LINH4Ü6J, 
L1NK40»2 
LINK4063 
LINK4064 
LINK.406& 
LlNI^»066 
L1NK4067 
LINK. «06« 
LINK4069 
•LINK4070 

LINK4073 
LINK4074 
LINK407S 
LINK. 40 76 
LINK*077 
L1NK4078 
LINX4079 
LINK4080 
LINK4081 
LINK40S2 
LINK4083 
LINK4084 
LlNK<)OiiS 
LINK40B6 
LINK4087 
LINK4088 
LINK40S9 
LINK4090 
Llf*Kk09l 
LINK. 40*2 
LINK.4093 
LINK4094 
L1NK4096 
LINK4096 
LINK4097 
L1NK.4093 
IINK4099 
LINK4100 

•LINH*IU1 
• LINIU102 

LINK4103 
•LlNK^lO« 
• LlNl^tlOS 
• LINK.'»106 
• HNK,M07 
LINK41Ü8 
»LINK4109 
L1NK.AU0 
LlNKAlll 
ilHKMUZ 
LINK4U3 
LINK.*.! I*» 
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C   •••• »»•••» •« •!•••••«• ••••••*•••••*••••••• •••••••••!.INK<I 116 
C LINK4117 

UIMLN^ION   '.UMUHd'Jl i^NILlt 1^1 «PbtlUI 1^1 »ATtMH U bÜ ) «HHO ( 26U I iZü ( VU ) L INK<»11H 
liTCCnu I iVUl Vul ilU itt) «^M Vül ivnvoi tALTUbü) LlNK.4119 

C LiNK<»120 
C   ••••••» • ..»•»»•»«•»•»••»»• •••»«••«•••••••••••«••••••»•L1NK4121 
C L1NK.4122 
9111     FORMAK lHl///ilAl9M»   »#»»»#••   «//WAlOlHr   H  t       I)  L   P  A  H   TLlNH^Wa 

1MLNI OF        DtFLNbt KALLÜUT PMEOICTI   OL1NK4124 
il   N b   Y   i   r   L   M»//blX»19H»   »•••»•»»   «////^lAta^HCLOUO   HIStLlNK^lib 
3   -   IHANbF'OMl    iNTtKFACt   MOÜULt/// LlN^'UZb 
* bSX.UHP-itPAHtU  bY/b3X,17HAKtON  COHPOLINH4127 
&HAriUN/t>jAi ibltwAlCLFItLUt   MAbS<////l UlNK412ä 

1      FOHMAU// L1NK4U9 
116X«2HFW«i^Xi<<HbäAM>10A>bH<>Ll>rMPit)Ai<»hTMbU«lüXi&HäIüMA/ LIN^'.liO 
^ lUA.il H J.üiiAl// UNium 
SlbA.^MrW.UA.JHHUÖ.liA.^HUZ.l^A.bMHüPAHT/ LINK4132 
<.lÜX.'.(H3.t).lA)/// LINK4133 
S10Xi&HPSUU/lüXil2Ab// LINK413<» 
61ÜXi<*HCHlU/lUAil2Ab// LlNA.^135 
/lOA.bHUt I1U/10A.UA6///               •* tINK,%13t 
llOX^bHCONTMOL   AKKAY   1 L (JI »J-1 .10/1ÜA•lbib/// LINK4137 
91UX22MÜtTUNAriUN   CouRülNAiLi.lOA,JHXGZ,13A.JHYiji.1 JA,JHTüZ/ LINK4138 
13<>Xt3(L13.bi3Al///l L1NIU139 

2            FOMHATI lOAi 3HMP^i   VAt ^HV I • 11A • IHHi 10X«3HCULi 9Xi<»HCOLS«   8A.3HKOWt   1.INK4140 
1 VX.'.HHOWi.    /A.   '»HCU.XfVXi    1HU/ L1NK.4141 
2 ÖX.lS.'.A.aiLil.'i.lAn UNXA142 

30»2   FOKMAI (/VA, »NüifW   -   • f 1!>//17A«'PAKTiCLt   ilit' . IbA,'MAäb   FKACT IÜN ' «L INK'.I A3 
llSXt^SUt   CUASS'/l 'AiMMUKUMbTtHSI • .«.OX . «UPPtK   bUUNO (MICKOMt TtRS) LlNK41<>4 
2* I LtNK<>l<»b 

3087   FOHMAI(//.lA.'(lüPST   •   ' 111> I LlNK^l^b 
3053 FUKMAH .il ■ ^.Lli.b) I '.INKA147 
30»<»   F'jHMAt (I'M .vx.bhNAI   >   l»//2lAt0HALTlTUDEi2OX«9HVlSCO&|TY(23Xf3HRHOLiNK<»i<'e 

II LINK4149 
30S5 FüHMAM 3UbAiU3«6l I LINK41S0 
305«   FORMAT'lHli   9;.f 7HNPÜi> I I • 1 i>//10X »5HTC ( J) I13XI SHZb( Jl f 13X t SH^T (J i •     UNK.4151 

1   1 U.iHVB( J) .HA.'JHVF ( J) i L1NK4152 
30!>7   FUHMAT(b!>A,tl3.bl » LINK4153 
1009   FOK   AT ( lAiA6.L13.fc.li') LINK4154 
1011   FUWMAf (WAb) LINK415S 
101«.   FOHMAf (IBi'.l LINK4156 
1Ü15   FOHMAF ( 3t l^.b) LlNK'tl57 
1016   FCWMAn lb.".tli.b/^l 13,61 LINIU158 
1018 FORMAT ( LINK'.15V 

1 lüAt «iHXPiUXi 2HZPil2Xi 3HIPS// L1NK4160 
2(7Xt<M JAtEWtiilillUI I L1NK4161 

1019 FOHMATllX,2bl3<6l L1NK4162 
1020 FURMAM//29H MWuNO TAPL Ht.LL UN UHIV£ 12(2X •AlHPLüA&E MOJNT tüRLlNK'tUä 

1RECT    fAPt   AND  PKtSS   START) LINKA164 
301«   FOKMAl ( IX.lb.atlJ.bl LINK416S 

C UNK4166 
C • ••«••••••••••»••••»••••»••••••••••••••UNM167 
C   •••#••»•»»••••••••••»•••»»•••••••••••••••••••»••••••••«••••••»••••••••tlNK4168 
C L1NK4169 

INUbER   DtNTIflHtCK^QCNT LlNK.4170 
DATA   UENT1 •Pf<UGHM/bHJMAPINi6HLlNi;<.   / I.INIU171 

I 
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c 
c 
c 

c 
c 
c 
c 

DATA  CHtCK   /th   iKIiL/ 
INlTIALUt 
JPAKIN-NUMIAHC»! 

PHI NT Oi. T^OI HLAUtK 

WRITLCISOUI tVllil 

TEST TU 
IF NOT. 

100 

200 
»97 

998 

999 

Stt 1»- A MiNU 
ILHMlNAIt IHL 

HUUUuKAPM MAi 
(.ALtULATlUN 

bttN PKUVlUtU- 

1FINHOUOIlüU.iüO.^UU 
IRHaH«-10U 
CALL EKKUKIPKUüKM«IKHUKi 
RETURN 

IbUUTI 

C 
c 
c 
c 

BOO 

READ ALL DATA FKUM (.LOUD Hlit   TAPb 
REWIND IKlbb 
UtAO   IIRISEIDENT 

CHECK TO Stt THAT THt COKKtCT CLOUD RISE TAPt (IKIStl HAS butN 
MOUNTED 
K <C;itCK..tU.DtNT ) bO TU 99V 
PRINT 1020»IHISE 
MRITE IISOUTtlO^U)IRlSt 
REWIND IRISE 
PAUSE 
GO TO 99 7 
READ IIRlSEIFWiSSAMiSLDTMP.TMSDiSDtTWiHklCiHTttt^tKUPAKTtlHADi 
IRADMAXfZBRSU 
FROG ■ l<3066b67E-17*ROPAHT 
READ I1RISEMCRIDIJI iJ-lil.2) 
READ (IHlStMDtTlU(.)i iJ-l.UI 
READ(IRISEINUSTH 
READdRiSEI I PS 11) «KMASSi 1 Itb.^MII I . l«liNÜSTH) 
READdRISEIKUPST 
READ (IRISblNAT 
READ (IRISE)(ALT(1 IlATLMPIl)iKHOI1 I.1-l.NAT) 
READ (IRISE)NPOSIT 
READ II RISE) UBU ) tZTI I) iTCd) iVBII) iVT( 1 I tl«l«NPOSlT) 
READURISE)NHO0U 
READ IIRI.T. I UV(J),VX(J).VYIJI.J'l.NHUJU, 

CHANGE PAKTICLF SUE FROM METERS TU MICttOMbTEKS 

DO 800 l-l.NUMK 
PSIII«PSII)«),.0E6 

2000 
READ ALL DA1A FROM THE SYSTEM INPUT 
READ (ISINilOli) IPSEIDU) ij'ltlj) 
READ (ISlN.lüit) ( !(.( Jl f J-lilBI 
READ (ISINilOlöUGZtYG^tTGZ 

TAPE 

2005 
WRITE A HARD COPY OF ALL INPUTS 
WRITE llSUUTtl) FW<S.SAMiSLDTMPiTMbÜ*SÜ»TWtHEIGHTiUZ<NOPART• 

11PSL1U(JI.J-1«W1.KW1U(J).J->1.1.'I.(UI.T1U(JI.J-1.U).11(.(J)»J«1. 

LlNK'*l72 
LlNKi<*173 
LINK<*17<» 
LlNK.<tl7!> 
LINK«»!?*. 
LINK. «»177 
LINK.<»178 
LINK.».! 7V 
LlNK<»18U 
LlNK<»18i 

LlNK.<»183 
LINK, «♦Id'. 
LlNK<»18& 
LlNN<»18b 
LINK<>187 
L1NK<«188 
LINK, «.lav 
LINK. «.190 
LINK. «.191 
L INK.«.192 
LINK. «.193 
LINK. «.19«. 
LINK. «.195 
LINK.«.! .6 
LINK. «.197 
LINK. «.198 
LINK. «.199 
L IN.; 42 00 
LINK. «»201 
LINIU202 
LINK.«.2U3 
LINK. «.20«. 
LINK.4205 
LlNK«.20b 
LINK4207 
LINK. «.208 
LINK. «.209 
LINKV210 
LINK«.211 
LINK. «.212 
LINK. «.213 
LINK. «.21'. 
LlNK.<.2i!j 
LINK. «,216 
LINK. ««217 
LINK «.218 
HNK<.21V 
LINK. «.220 
LINK«.221 
L1NK«.222 
LINK«.223 
LINK«»22«. 
LINKH22& 
LINK «»226 
LlNK«.227 
LINK «,228 

m 



r 

2UU2 

^ it» i i»yi«Yui»i»j^ 
2U07   WH ITtl IStÜUTiiUä«: INUbTM 

MHI Ft! li.Uul . tu'j 1 M^öl J I .* MA .^( jl tUlAM'Jl . J^l iNUbTKI 
MH1 Itl l^OUl .!OÖ .' IMJPbT 
«KUt I IbUOl «JOb* INAt 
WW lit. ( |J.ÜyI»lUb»l (ALI IJI tArt-MHIJI .KHOI Jl |J«1 i«AT I 
MHI It I 1-.JUI • toao I V'., I t 
MHITtl tbUWl •iOs/lltCIJIi/blJli^TIJliVbtJIiVriJI.J»liNPÜäIT) 
RtrtlNU   JVAHIN 
• K I It t jt'AKlfMi.n :tl I 
MH I M. UP Ax 1 M I- M • SSAM »!»LU IMM « 1 MbL) t ^Ü . I w . ML 1 UM I . Xbi . YU^ . f ü^ . H/ t 

1KOPAHT . IKAJ.HAJMA-, .tiiKjIt 
K«lTtlJPAKlNM(»StlU( J»»J«l«i*!l 
MKiTLt JMAHINI ICKIi)    IJ)lJ«i«Ut 
MHlIt ( JMAK1N) lük.TlL>( Jl »Jxltl^l 
WRlTtJJPAHlNINÜÄTH 
MH1TLIJPAM1NI lPi( J I .KKAoh.t J I .ül AM( Jl . J.i.Nüi.TK) 
WRITblJPAKlNINAT 
MHITtlJPAHIN) lAUliJl .AFLMtM J) tKMÜU) . J»i.NAI 1 

CALL   iUUKOuriNt   MNU^f-T   MhlLH   «ILL   iH 1H T   THt   LLÜUU1   IN   ACCOKDANLb 
MITH   THL   MWtVAlLlNO   WIND   rtÜÜÜuKAPH   AND   CHtATt    iMt    TAPb    TU   üb   UitO 
AS   INPUT   TU   iHE   THA.^POHT   MUUULt 

2X00   CALL   WNU^KJPAKlNiATbMPiKHUf TLtZbiVüiNPUälT tAd^*Yü^»TüZiIC»FRUUi 
lCMlDtZT>VT«^t3H»T/l 

RETUKN 
END 

LIM14229 
LlNK<t2iÜ 
LlNK023i 
LiNK<»2i2 

LlNKit23<» 
LlNK<»23!> 
LlNK<>2ib 
L1NK,'«237 
LINK.«.» Jd 
LlNK.'.^.l» 
L1NK,<»2<»0 
LlNK<»2'»t 
LlNK^2<>2 
LlNK^24i 

LlNKi424S 
LlNK^Hä 
LINK<»2<>7 
L1NK.42<)U 
L1NK4249 
LlNK<»2»0 
LlNK.'.^il 
LiNK'*2i2 
LINK4233 
LiNK.'«2ä<t 
LlNK.A2a!> 
L1NK42&6 
L1NK4267 
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bUbKOUt IMt    »UJi»- I ( JHAKih»ArtMH»NMy»It • <1 U • VO •'»►'US I I • AoZtYOi tHit t JCttaNiF 

iMli   PKU(jKAM   IM.HUO   A    Ut'L    (     IwijLl    ^    ü«IA   ■<n 1 *.n   üLJi-^iut    A« 
AAlALLV   bTMMLli<lv.   jIAuKliLu   vLWUU   Jf    MArtI UuUi 

IKAIMJL."ILO    I ML   Muf» J tur»I A«.   ^ JUI\IJ I .^A I L i   ^h    LAt-i   ^AK^LI. 

\it|    ^Oni>u    ifiL    ».uJUu   hi^L    IIMt    IWLKVAL« 

AttO 

KL JUL I     1 J     «nvl I   lL «    UZ. 

«rMbF 

«NäF 

MNbF 
.NiF 

itLt     IML    >.Lt. K 1 JL 

CUMMUN   /JL14/ 
iCAY tutUoiUl 

InA^j^Uiti    iiN I L,<(-ACL   MwJJLL   oLujaAKY 

.,/IM-U^^I) ILMLA,>I lUNä ft 
t 1 LALt I iKi^t I 1J1 <4 l 1 
tou • iiA.I tTML »T 

iiVl^uül »v'Ai^OOl »VT(^UU1 

AI-Ü 
iuuT 

tlurtt 

IVU) lYwI^vl •AltMHJ.ibJI »KMoUoul !<:«.( 
*:HAK( IUOI IAPAK( iu 

»u^uJfHMAjiiouit^ri^oii^oivuiivmv 

i   KUKMAI (lAtAb» i i»'<Li^ • 
t FwKMAI(///^SA»iontuou 

irt»i^Af<itVw/itiA»tl.>« 
4 FOKMAI 1 1 A. 1 'j) 

JÜ13 FUHMATI /// 
1 iUA • KrlDLO.^ 

IQU   FOKMAT ( iX»'HAHI ICk-t   ö 
1. 'HiU' tVA. 't'MAb' .ILA 
.://( 1A» iuti«»!») i 

3   fUK.-IAI ( iA« ' PHKI ICLL   u 

0   InAjLl-IUKY/bAtiMACii^A.^nYCii^AK; 
61 I 

LULK   UtFOKt   iMU T ' ./iAt'A' »HA,1 Y ' i 
« 'i ' »VA« ' KKIAF ,»tiA,,t)«Ah,,aA.'^LO*,i 

LUCK.   Al- ILK   ijHiM    ■ •/.I A « ■ A • • i i,A • < Y ' • 
• ' i' ••»A» 'KIKAh ' IÜA»    OwXh ' »ÖA i' itOt»' i 

(.   ««« 
C   •«» 
c 

c 
c 
L 
c 
c 

10 

«««•«« «1 4^«««4««<(f4«««K««»*««««ft .««*«•«««*««**««*««*« 

DAIA   e'^^^J^JNM/olt*.1L(J^ I / 

IMI lALiit 

(.OM^OlL   LLWUU    >.Ll>(lLI\ 

LUill iiSUt 

<:c( 11  • und )+ii i n i 
VC( 1 I- (Vti( 1 l'>V I ( i I I / ^ 

M„U   iltM   L)KiKT   FACruK   LMKlLi   IN   K 

• 0 

WMiF 
MN&F 

iMNäF 
• NNi>F 
• MN&F 
• WN&F 

MiM^F 

WN&F 
VüliTC(VOlM^äF 
Ül • Mt\äF 
Ul «VT(«Ml(WN^F 

WN&F 
MN&F 

WN&F 
MN&F 

h^Cf i<>A»^HMNjiF 
WNiF 
WNSF 
MN&F 
MN&F 

HAt' T ' i»XrtNi)F 
bA , 'vwAF * tMNbF 

WNäF 
liX.'T ' tVAWiXiF 
BAi '^KAF'»«NiF 

WNSF 
WNSF 

••••••••••MNSF 
•••••••»••MN&F 

WNbF 
WN&F 
WN5F 
WNöF 

ISt     IAüLL    MNi>F 
MN&F 

WNSF 
WNiF 
WN4F 

lüOi 

luui 
10 Jb 

Tüo? 
TUoO 
luuV 
TUlü 

TUil 
Toi<: 
TolJ 
101'» 
Xiiii 
Tülb 
1017 
Toi« 
Toiv 
rojo 
ru2i 
T0^<i 
lOi'J 
TO^l 

TOtlb 
TO«!? 
T02b 
TO^V 
TOJO 
T0J1 
TOJ^ 
1033 
loJ"* 
TUib 
Iü3«> 
T037 
T030 
10JV 

TO^U 
lU^i 
lO«.^ 
lO*..! 

T0*4 
T0<»^ 
lOHC 

lO"»? 

TO'«» 
robo 

lOii 
T0t)3 
lOt)'. 

lOSb 
l0!)6 
lOi/ 

IS; 



c 

c 
c 

c 

c 

~) T 'III.I L 

M~ U I I • t, , ;, T • • 
M UV • , "'-

t.N u~t 
STAtlLI 

~ ru~~ •~~ ~~FlN~u r •~uv~ 
I I 'I AL. T I IUL>t 

I • v i MN OU ill l ov .~~. £~1NPU~l111 ~0 TU l~17 

FlU "VU ~~ ~n ~ T ~ AL.I . Tw ~ P~KU~~lAT~ Fu~ lNll&A~ TIN[ 
2 217 .J• l ... , 
.:It lfl£ 111-1 l . •ll•£VI.Jlll~oiJI J~hJ~elQ 
)Q lFIJ-NHO j eJ.:eJ 2 
:u J•.J•l 

\.oO Tu ,u 
ll l~WUW • -J~ 

~o r HJ• 

C UMPUJ~ H~Kl£1.1NIA~ Ul~~L.AL.~M~~~~ ~~~. TIM~ FOM IH~ C~VUU ~OTTUM 
( t.Nit.Me 

c 

); ~T•T lli•VA(,JI 
YT • I 111•11 fl J I 
lo U I•Xf 
Y UhYT 
Th.MP•TCill 
l.f~MP•£C. I11 

C 12~ •Hl H I~ ~u•~Mt ~t.XI LL.UU PU~ll U" EAT HUOU~ItAPH IILCIOM 
c 

' 

ll~ lFC,Jo~~. HU~OI ~U lu ~~~~ 

lf114 CJ•ll • 4v1JIII~• -l.CIII.•11116Je1~••l•• 
lZl Ol T•II4VI~•l l • 4\IIJIIIZe• £1iMPI/YCIII.I 

£T~MP• 14 I.J•ll+£1/IJII/~e 

Th.M,..•IrtM •L.lt.~ T 
AI•AT• \IAI.JI•Ut.~T 
YT•Yl• VYIJI•U~~~ 

J•.l•l 
uO Tu IU 

"it,AT ~~UUU t~i. t• Tt.W l~ L.IJW IC 
z- Ot~T•IC1~•11-Tl~MP 

TI~M • T l"'•ll 
l. TlMP•l 1111.•11 
ACI~•li•AT•YAI.JI•O~~~ 
Y 1111.•11•~1•-YIJI•L.lt~J 
Af•A 111.+11 
YT• Y 1~+11 
11.•1(.• 
lFI •'-PU!t&ll U•lo~)e1J~ 

~OWU I~AJ~ TUKY l~ COMPi.t.lL 
•Will ll~U~Te,IIA IJieY I.JielCI.IIeiCI.IIe\ICI.Jie.J•leNP~lTI 

-.~FTOU 
W~FlOU 
-.N51'To•u 
II~FTU .. 
WN$FTO•l 
W~FTOU 
w~I'To•• 
•N51'To•• 
•~FTo•• 
•N5f'To-.7 
•N5fTOU 
W~FlO .. 
WNif'TOlQ 
•N5H071 
WH:ti'TOU 
-.~nun 
IIN$FT0710 
W!UfTUlt 
WN$fT07• 
-.N5FT017 
-.N5fTO 71 
-.N5f'TO 79 
WMfTOIO 
IIIN5f'HIIl 
WMf'TOil 
IIIMfTOU 
WMfTOIIO 
WMfTOU 
WNifTO .. 
IIIMfTOitl 
WltifTOII 
WN5fT019 
WMfTOtO 
-.MfTOt1 
•MfTOtl 
•MfTOIJ 
wMfTOtlt 
wMfTOtt 
•MFTO .. 
WMFT0¥7 
IIIMfTOtl 
WMfTOtt 
WNifUW 
•• ,. 101 
111MfT10l 
WMfllOJ 
IIIN$Fll04t 
WN6fTlQt 
WN5'TlQ41 
IIMfTlOl 
WMfTlOt 

·-'''"' wMPTUO 
WMfTlU 
•Mftll• ..... ,,.u .... ,,,,. 



m^mi^rm furnamm 

IH    l      -.    .V.     .!-....'    ' 

c 
C   102 

102 
tAiT« ALL    UMfA   HAVt   ULLN   MUl;l^lLu.      MAKk   JPAKjf 

I i I l2UlJi2Ul<»«2<JiJ 
1jOUl.JJiJIN 
JMAKlNJ N 

ILL JHAKIN 
JPAKIN 
IK i JL 

F l^AL 
N"0 
IF !»(.( 

^Ji-. wrtlTti 

KEWlNU 
KLWINU 
KtIUKN 

77J<» CALL LKHun I H'KUuKM. iKKvJtv . 1 iwUt ) 
KtTuklx 

C 
C    103 

1C3 
KtAO   A   bLOLK  uf   N   ^AKII^LL   DtiCKJHTIUNS 
KtAUl IKJit    ) I APAK( J) < YHAH (JltTPCJItHiliU) tPMAil JJ .^PAKl 

1 lUwAH IJI (ZLUMl Jl iVwAt- ( Jl t J«liiN) 
IF ( ICUI !<: Jiiic01J»^-Jlb 

<i01i>   wRITtHSÜUrt3013)N 
WKi TLI ISOUl '101^ ) I APAW( I 1 »YPAKI 1) »THi 11 ifiUI II .HMAbl I I • 

lKwAh(lltU«Ah|ll<^LOxllliv'MAFIII>l>i«NI 

NU.«   HKLF'AKL   10   iHlFT   PAKTItLti   MUKUUNTALLY   IN   ACCOKUA^C 
PüSIIlÜN   JF    tML   LLOUü   Al     (ML    UMt    «MLN   TM1   PAKTULt    LtFT 

FJKäl    »NUlALiit   FOK   LNltHli^u   A   LOOM   UN   PAXTlCLti 
^010   ULll^'-VVVVV.O 

ULUF'b'-l.u 
OLLU=-1.0 
J-i 
MAb    fHE   LUKKL.NI    IJ-lM)    PAKlULt   ULFlNtD   AT    THt   ÖAMt    UML 
pRtviuu!» ONt«     rti ro iui>i 
IF(TP(J)-ULui)lU6tlUbltl06 

c 
lOb 

C 
ClOäl 
c 

c 
C 107 
C 
107 

c 
C lüb 
c 
c 
c 

10b 
109 

c 
c 
c 

c 
C 110 
c 

lb   TliL   LUKKtr.l    IJ-lHI    hAKlitLt    iMt   bAML   SUt   AS    THt    PKLV 
Yti   TO   107 
IF (P3U' J)-OLliPil 1061107 »106 

li>    IHL   J-fH   PAKTILLL   Al     Inc.   iAML   AtTIIOOt   Ai   THt   PKtVlOJ 
YfcS    TU   10« 
IF UHAKI JI-ULUZ)106ilat)> 106 

THt   PAKTKLt   WILL   HAVt    IMt   iAMt   HUKUONTAL   01 iFLACtMtiNTb 
PKtVlUUi»   ONt   ANU   wlLL   LtAVt    THt   LLuUü   AI    THt   öAMt    UMt   A 
TUÜt   Ab    IML   PrttvlOOi   Out.    AüOlIIUN   UF    Aüi.YoZ   MAlLtb    AMAK 
KtLAIIVt    Tu   LUUKOINATt   JYiltM   UKlulN 
TPIJI«TP(Jl*T02 
APAKIJI^APAKIJl+OA'Avjt 
YHAI<(Jl«yPAKI J)+ÜY*ru2 

l,N(.r<tMtNT    A'w    TtSl    .'    1U    (.ONblOLK    iHt   NtAT    PAKllLLt    UK   Kt 
FtTLH   THt   NLAl    JLULK,   UF    PAKTltLt   OATA. 
J»J*1 
IF I J-.NI lObilO.1 illO 

HUT    IHt   MU';.r»tO   UAIA   UN    THt   TAPt   JPAKl.N   Ai^ü   THtN   KtTuKi^ 
FtTLH    IHt   NLAl    ÜATA   bLUCK;. 

»NbF Ulb 
wNbF 11.10 

LUMPLtTtU.wNSF 111? 

wNbF Ulti 
wtbF ruv 
wN^F IWw 
MNbF wi 
Htiif \l2i 
oNbF \iiJ 
*NbF \12* 
wNbF 1..-J 

«rNbF Ik« 
WNbF rij? 
WNbF iio 
wNbF kit 

J) IKIKAF I JlwNiF risu 
WNbF iii 
WNbF 132 
WNbF 13i 

ZPAKII)I WNbF 13% 
WNbF 13b 
WNSF1 136 

£ WITH TH£«NSF 137 
1 Mt CLUUOkNbF 13« 

wNbFt 13» 
WNbFt 1-0 
WNbF Ihl 
wNSFl lh<. 
WNbF Iti 
WNbFI iht 

Ai THt WNbFI ua 
WNSFl Itb 
WNbFI 1*7 
WNbF1 14» 

luui ONt« WNbFI 149 
WNbF I IbO 
WN&F1 1»! 
WNSFT 162 

i> Qlit, WNbFI 1&3 
WNbFI at 
WNbFI IS1) 
WNbFI lib 

Ab THt WNbFI 167 
NO AtTJ- WNbFI ii* 
• YPAK WNbFI lb» 

WNbFI 160 
WNbFI 161 
WNbFI 162 
WNbFI 163 
WNbFI 16* 

TUKN TU WNbFI 16b 
wNbFT 166 
WNbFI 167 
WNbFI 16« 
WNbFI 169 

TU WNbFT 170 
WNbFI 171 

is7 



Hü     «Kl TL l JVkr\l.il ,\ 
WNi FL     UP AK im lAKAKUliU'AMJJiiHAKlJliIrijliHhUlJI f HM Ail Jl .KwA^ 

iUI »uwAr iJl IZLU* (J J iv« At lj| tJai «N) 
IMltlJlliüO.iuttic-j 

id 5   xUl TL    1 liUüT i«. IM 
WKirLllsüUt.J)l\HAKlllirPAKll)ilPli).HbU(l).PMAb(i)»ZHAHll). 

iKÄAMlI.LJiMi-U.'ulL^ÄllltVÄAtlllil'i»^) 
iVÜ   ijO    Iv    lo«» 

lUb      ULÜfäa^ilZlJ) 
OLUi -t-MAh ( J ) 
ULüT'TI-t J ) 

OlU   J-TH   FAKlUtt    LLAVL    IrtL   ttOUU« 
If liPAKU l-Ztllf^Ubl I))ii-«.il5.ilb 

NO ro iit> 

C   US    FAKt   tAKt   ot-    HAKi'KLts   (MAI   UÜNI   L   Avt    iMt   CUUUU 
i it>      ÜA'A^lNPojl I I 

LY^YCINPÜilI) 
C Tt-MJ)    ANO   ZHAKUI    AKt   OK   Ai   lä. 

t>Ü   TU   iüd 
C 
C    ii«»   IML   HAKTH-Lt   HAS   LLh F    IML   (.LOUU 
C 

ii<« <:CUK°ZPAK(JI 
TCUK«TP(J) 
0X>0« 
ÜY-U. 

C LÜCATt   PArtTICLt   ütHNll:üN   TIMt   IN   Tht   CLCUU   Klbt   lAdLL, 
C 

DO   ^iO   K'iiNPUÜT 
LL'MPÜilT-K 
IFI TULL) .Lt., .t'U) I   ^0   ru   tZl 

tiO   QOHUNUt 
<;ii  IKKUK.-^:I 

QO TJ 773*. 
C 
C iii LOCATt INITIAL PAKTiCLt ALTiTUUt IN THt WINt) MUÜÜOKAPh lAÖLt 
C 

i^i   00   <i3U   K   liMHOOÜ 
IFI (iVIM+Zv IK,+ 1) )/Z.U.oT.cPAKI J) )UÜ    10   itO 

HO   CONTINUE 
MM'.NHOOU 
uü   TO   i^y 

c 
C   ^0   FIND   CLOUü   büiroM   ALTiTUUt   AI    THt   PAKflCLt   ütFiNlIlON   IIML 

i^0  /bOtüM«   ZblLL)   ♦(TPiJ)-Tt(Ltf»•Vötk.LI 
IFU/bOrjM-   ZLUKI.Lfc.llb.'Wt'lU.ibi I )    UO    10   iti 

C 
C LüCATL    INITIAL   HARTittt   AuUTUÜt   IN    Trlt   CLOUÜ   Hlit   rliSlOHY   TABLt 
C 

00   iii   K'i iNPOSlI 
^4N=M^'Jbi T-H 
IFUIHNNI «Lti^CUKI    MU   10   ^i*. 

^<!<;   CONTINUL 
c 

*Ni>F [ i U 
wNbhIIn 
»N4FTi 7'. 
*NiiFTi Tb 
WNäF I 17«) 
WNiFTWT 
MNöFTiTtl 
WNSFTi 7» 
MNSFUaO 
WNSFTitti 
MNSFIiSi 
MN&FTib3 
MNSF I its'» 
MNSF littl» 
MNSF Udo 
«Nil- I id/ 
HNäFUttd 
WNaFTittV 
«NSFT19Ü 
hNbFUVl 
WNöFIiW 
WNSFTi«3 
WN6FT1¥<. 
WN6FTl«i» 
WNöFIlV* 
WNiFUVT 
MNäFT19tt 
MNSFTIW 
MNbF 1,;üU 

MNSFT^Ul 
WNSFTZU^ 
wN6t- I\;OJ 

MNöFT^Ü'« 
MNöFT^Ub 
«NiM^Oü 
MNSFT^U7 

MNSFT^Ü« 
WNiFTiiy 
WNirTill 
«Nbfl^ii 
wNbFT^i3 
«NbF UiH 
MNSFT^ib 
WNäFnib 
WNJFTüT 

MNäFT2i8 
MNäFT2i9 
WNSFI^^O 
wNi>FT221 
MNi>FT^2^ 
MNäFT223 
WNi>FT22'> 
WNSFT22& 
WNäFr226 
WNSFT2i7 
MN&FT22tt 
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C (.UMkuH   Al«   Avt.KAul    DHJL    i<Alt<    t)V 
C 

Hi*    IF ( LLtüTiNN'UU   lo   J^«;« 
bV"Vf(LLI 
UU   Tu   i,!*!? 

^.Ji'»   bVOt 
üu   itl*)   ^■^lN^^lLl. 
IF IK, .L'J.M^oal I    )    UU    FU   J^<;o 

Jil^b   bV«   UV/I K ( LL i-K ( .<(<) I 
i2^ I   itiC'ViilH . I »itütb 

(.ALL   ^ALKAI I^LUKtiltiKV »ArLM^iKhUiKKOuiliOUl . 
c 
C CAN    IML   lJAKTULt    üi     MUVtÜ   aljMKH.AN(LY    IN    IML     .iMt    AVAltAbLt- 

C IU    tÜ   JO 
c 

IFH    tbOtuM-ZLUK+lU.L, ) IL! . I TPl J)-IL( 1) I »IFV+bV) )    uLi    lü   ^S)(J 
<i^t)   UELTtt'Ut 

GO   lu   31!) 

l^ULA       MM    l^tiNI.hlti)    IML    NINU   MUtlUUKA^H   brr<ATuM    lu   «HKn    Tut 
PAKflCLL    1b   LJKKL.itLr    UtFlrttU« 

1NULA   LL lütmlFlti    IML   CLUUü   Kiit   MlbTuKY    TAbut   tNfKT   «Ml'.h 
KtHKtbLNI-'    IHL   KlbL    INCNtMtNT   UUHNlNö   WhUM   TML    PAKFlCLt   1b 
(.UKkLNTLY   .^ l.ltü. 

c 
- 
c 
c 
c 
c 
c 
c 
C    im   LUCAlL   tÜKKtNl    PArtiiCLL   AuTlTUUb    IN    I HL   w 1 uU   HUUÜkjKAHM    TAbLL 
C 

IF(IZV(M   »^VlK+il »/i«U   •(JT.   I^CüK*   1«0I)()U   Tu   ^t? 
.■■"j   COMTINUL 

MM'NHUUO 
ÜO   TO   ^iü 

^47   MM«K 
C 

250   CONflNUt 
c 
c 
c 

c 
c 
c 

ÜtTLKMINt    If   NtT    HAKTlLLL   MOflOU    li   0M*AK0   OK   Oo».N*AKOi 
O^WAKO    To   ^bi 

LALL   rALHATlZLUK.bii.HV | ATbMP iHMUlF KütJ« liOUl ) 

OOnNMAKU    TO   m 

IF ( ( tbOlOM-^bHSTi)     .uf.OiJl    ijO   TO   229b 
229?   WV«Ü. 

00   To   2299 
2298 KV'VBILLIM    U0*(    2(.OK-2.bOTOM I / 1    iüüToM-ib^M i I I 

IFIKV.LT.Otü)   00   Tu   229/ 
lMKV.0l.(Vb(LL)*.0Oil)    KV«Vb(LL) 

2299 IF(FV-KV   .uL.ü.OloO   TO   <: b 3 
C 
C 251 COMPOTL IHL TlMLi KLuUlKtO FUH THt PAKllLLt Tu MUVL IJ I ML 
C     bOTTOM OF IMt MOOOUKAHH iTKATUC IN KMILM II KLi1OtJ)»ANO 10 IMt 
C     bAöt Of TML CLÜUU«  UJJL TML JNULLLK OF TMtbt TJMtbt 

*tiif Ti2y 
A.'oh 1230 
«Ni)FT23i 

«KNiF \m 
»iSäF 12 33 
NMSF 12 3'. 
MN&FT235 
wNi>FT23b 
»Nif T237 
MNbFT2 3tt 
*'NSFT2 J9 
wNSFTi^Ü 
MNi>FI2<*l 
Hfiif I2'»2 
wNiF T2'»3 
«NiiF T2<»H 

KNiiF T2'»5 
wN^F T2<>b 
i»NSFT2<»7 

WNJ>FT2'»9 
i»NiFT25ü 
WNSF T251 
MNbFU52 
KNäF1253 
wNiF T2b'. 
*N&FT255 
WNäFT256 
^N!>FT2 5 7 
i«NSFT25a 
i«NiFT2i9 
wNbFT2bO 
MNi>FT26i 
>«NbFT2b2 
wNSFI2b3 
MN&FT2b« 
wN6FT2b5 
MN^F i2 6b 
MNäFT2b« 
MNäF1260 
wNi>FT2b9 
wNbFT2Vü 
KNSFT2 71 
WNi)FT2 72 
WNi.FT2 73 
WNbFT^7<» 
WNSFT2 ?5 
*Ni>FT27t 
WNSFT277 
MNbFT2 7a 
WNi)FT279 
wNi.FT2ö^ 
«N6FT20i 
MN<>Fl2a2 
*<i\bFT2B3 
wNSFTai* 
«NbF T2 b3 
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SUtj KUU il t r L I \ I l • l''>l l'r ot 'itA I M ' ol rtU oH < lueUaOUII f~NA~~ 

c FA~MAOOl 
C••••••••~•••••• •• •• • • • •··~ · ~ · •• • • ••••••••• •••••••••••••••••••••••••••FALMAQQJ 
C FAI.NAOO• 
C SUtHIUUT I .XI.. •< r .v .d '' lJ ll'/1 · ~ U.:\ 1 I l'l !»t CUM..,Uft~ llil;. i.TTL.IN" fAI.MAQO~ 
C WA rL Ur ., ,\ , II I 1 -,. fAI.NAOO• 
C fAI.NAOU7 
C••••••••••••••••• •~• •• •• • •• •~ • •• •• •••• •- •••••••••••••••••••••••••••~•••FAI.MAQQ¥ 
~ fAI.MAOOt 
C fAI.NAOlO 
,.............. . .... . .. . I I I , , .. I..US SA I~Y ······················•••FAI.MA011 
C FAI.NAOU 
C 'IE.MP (l Y AMI<. 1 , d~ll Y Uf ~l H fA&.MAOU 
C 'lf(.lLUC.HAM/MtH.N•.iHUNUI fAI.NAOl• 
C C~~ W IHt OKA~ viii l~l I'l l • S~UANl OF IHt NlYNUL~•i fAI.MAOl~ 
C ~U '1 ti t. ko fAI.MAO&• 
C FI\Qv l '• l ll• t> • fHI CL.'" L)I;.U': ITY•I.IMAVl1UtCUitH.: MUtNil 'YIIt&c fA&.MAOU 
C Ml Ct~J,._.h ._I l.. l) I.I~M14 1•H:. Tt.tU ct iwNe ~tCeltl CUlUC MlCMUNIIfAI.RAOll 
C fV ::.~ TTL& r•G KATt IMtft.Mi/it.CI fAI.MAOlV 
C P$&£1;, PAHI l..l:. I)IAMtTt;.R IMICNQNil fAI.IIAO~O 
C MHO A lM t.N ~ 1 T Y C .. II.Qe fAI.IIAOU 
0 RA."'::.I CUtUC 11t.l IU fAI.MAOU 
C fAI.MAO~' 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••fALMAOI• 
c fAI.RAOit 

OIMt~i&ON AT~MPt~601tAHOC~•UI fAI.IIAO~· 
l FQNMAJIIIlihi OAV I ES t:llUAT h >r•S. • i~l INACCUNA TL fUN tfUeltUH MI(R<WAI.MAOU 

Uci AT eF1 l eJe/H MtH:NSI l-'ALRAOII 
l•CALTI200oUI+6e, ,AI.MAUJt 
VO•~illt/AftMPIII fALMAUIU 
Vl•PS,lt•VO•FW ilu PAI.MAUJ~ 
CORM•v ltWriOI&ItVO PAI.RAOJ41 
IF'C CUNM•'lltl.l eO I 100 elvO t tIt~ fAI.MAUJJ 

149 lfCiiUUTe~r.UIYO r lOO fAI.MAGJ• 
150 If CCDRM•~e~E+li~OOtl~lel~J fAI.MAOit 
1tl WNI Tk C I~UUTe21~iiU• A I T fAI.IIAO .. 

GO TO lOO FAI.MAOJ1 
&GU fV• 'I 1•&•1•ooe7 +CO~w •c .. ~ . ' U.•l•,UMMtUeOU• ·••t&G,i•J•'-IHIMI I IPALRAOII 

GO To ~U 'ALUOit 
lOO QI.OGA•A~OQ10CC0~~~-2 0 el 7 J 'ALIIAO.U 

fV•~O.,leU •v1•COHN .. C CYLUU~*ut..O<.A•••I••ItttOe001 UJII fAI.NAO•& 
JQO fV•FV•IleU•le 3lf•lll ~S i lL •~HI J III J I fAI.RAO~ 

IUl METUR~ fAI.RAO•J 
END fAI.MAO_. 
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/C<F5COrNj 

SAMPLE PROBLEM AN D PKU   l( »UT 

On pp.   194 tlimuf.;!. £01 is prrsentt'd a prinhml oi a CRTIM calculation 

suitable for debugging Linan< .    Kor this printoni the fomplpte parcel data 

output was  requested (1C;(   i       I).     Only tin   Ixiinnm^ ol thi.s  latter printout 

is displayofl here,     A IIICM-I' M| parcel (hit'i  t.11 <n flncctly irom the input 

storage unit,   IRISE,   t!..il has not been corn'   led foi  wind drift is printer! 

first.    Next the seme hluck ui data corrected foi  wind-drift  is printed. 

Then,  the next block of nnenrrected data,  etc. 
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